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GENERAL ANATOMY, OR HISTOLOGY. 

By E. A. SCHXFER. 



General Anatomy, or as it is now more commonly termed Histology, is tliat 
branch of Anatomy which treats of the stmctore of the textures. As has akeady 
been explained in the Introduction to this volume, the body of every one of the 
higher animals is made up of organs adapted for the perfoimance of its several 
functions, and these organs are themselves composed of various tissues or textures: 
In order that the structure of any organ or part of the body should be understood, it 
is necessary to study, both together and separately, the several tissues of which it is 
composed, so as to ascertain their composition and the manner in which they are 
combined to constitute the organ or part in question. This is chiefly effect^ by 
minute dissociations and thin sections, which are observed with the aid of the micro- 
scope, and hence the terms '* Minute Anatomy " and '^ Microscopic Anatomy ** are 
also applied to this branch of the science. It is found that when the body is thus 
dissect^ and analyzed by the aid of the microscope, that the number of distinct 
tissues which are met with is comparatively small^ and some of these again, although 
at first sight to all appearance distinct, yet have so much in common in their struc* 
tnre and origin one with another (forms of transition also being met with between 
them), that the number becomes still further reduced. The elementary tissues which 
may be thus enumerated are as follows : — 

The epithelial tissues. 
The connective tissues. 
The muscular tissues. 
The nervous tissues. 

Particles which are met with in the fluids of the body, such as the corpuscles in 
the blood and lymph, are also described amongst the elementary tissues. 

Many of the organs are formed wholly of a single one of these elementary tissues, 
or with a comparatively slight intermixture of others. Thus the muscles are made 
up almost entirely of muscular tissue, with but a small intermixture of connective 
tissue, blood-vessels and nerves ; whilst the cartilages are composed wholly of a 
variety of connective tissue. On the other hand, there ar^ certain organs or p«uis of 
the body not in themselves distinguished by the preponderance of any special tissue, 
but compounded of two or more in varying proportion, the structure of which it is 
nevertheless convenient to describe along with the tissues, on account of their wide 
distribution in the body, and their uniformity of structure in different parts. Such 
are: — 

Blood-vessels. 

Lymphatic vessels. 

Lymphatic glands and bodies of like structure. 

Serous membranes. 

Synovial membranes. 

Secreting glands. 

Mucous membranes. 

Integument. 
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172 THE ANIMAL CELL. 

Every texture taken as a whole was viewed by Bichat (Anatomie g^n^rale, 1801) 
as conBtitutiDg a peculiar system, presenting throughout its whole extent in the body 
characters either the same, or modified only so &r as its local connections and uses 
render necessary ; he accordingly used the term '^ organic systems " to designate the 
textures taken in this point of view. Of the organic systems above enumerated some 
are found in nearly every organ ; such is the case with the connective tissue, which 
serves as a binding material to hold together the other tissues which go to form an 
organ ; the vessels, which convey fluids for the nutrition of the other textures, and 
the nerves, which establish a mutual dependence among different organs. These 
were named by Bichat the *' general systems,*' to distinguish them from others such 
as the cartilaginous and osseous, which being confined to a limited number or to a 
particular class of organs, he named *' particular systems.'* 

S truc t ural elements. — When any tissue is separated by the aid of the micro- 
scope into the simplest parts which possess assignable form, such parts are termed 
the structural elements of the tissue. In almost every tissue, some at least of these 
structural elements retain to a certain extent the characters of the elementary 
corpusclea of which the whole body is originally composed. These structural 
elements are named the '^ cells '' of the tissue. Others again lose for the most part 
those characters, and becoming elongated and modified in structure are termed the 
fibres of the tissue, whilst in other cases, fibres are formed not fi*om the cells but 
between them. Except the epithelium, all the tissues have fibres as characteristic 
structural elements, and some, as the connective tissue, fibres of more than one 
kind. But structurally and chemically as well as functionally, the fibres of the several 
tissues differ widely from one another. 

Tnteroellular substance. — In addition to these separable structural elements, 
many of the tissues are composed of a homogeneous matrix or ground substance, in 
which the structural elements are imbedded. This matrix may exist in considerable 
quantity, as in some varieties of connective tissue, or on the other hand it may be 
almost imperceptible in amount, serving merely as a cementing material to connect 
together the individual tissue-elements, as in epithelium. From its softness, clear- 
ness and homogeneity, this ground substance is often apt to escape observation, but 
its existence may always be rendered evident in consequence of the property it 
exhibits of combining with salts of silver, a brown deposit of metallic silver occurring 
in it on subsequent exposure to the light (v. Eecklingbausen). 

Since all the animal tissues however diversified they may appear, originate as 
collections of the elementary corpuscles or cells above spoken of, and since these^cells 
remain, many of them, as constituent elements of the formed tissue, we must first of 
all consider minutely what it is that constitutes an animal cell, what is its structure, 
its chemical composition, its physical and vital properties, and how it becomes 
reproduced and multiplied. 

THE ANTMATi CKTiTi. 

An animal cell is a corpuscle of microscopic dimensions, the cells of the human 
body seldom exceeding -^th of an inch in diameter, and many being as small as one- 
tenth of this or even less. 'But whether small or large, every cell consists of two dis- 
tinct parts : of the main substance of the cell, which has received the name of proto- 
plasm (^g. 201,^), and of a minute vesicular structure, generally placed near the 
centre of the cell, and termed its nucleus (n). 

THE PROTOPIiASM OF THB ClBIiI«. 

Structure of the cell-protoplasm. — Until comparatively recent years it was 
universally held that the principal or living substance of the cell to which the name 



STRUCTURE OP CELL-PROTOPLASM. 



178 



otproiaplasm is applied is a completely homogeneous material, which, although it 
might contain granules of solid matter or globules of watery fluid (vacuoles) im- 
bedded in it, is nevertheless itself entirely devoid of structure (fig. 201, A). It is 
possible that this view may still hold good for some cells both animal and vegetable, 
but in most cells, especially those which are " fixed " or non-amoeboid, it is found that a 
differentiation -of the protoplasm has occurred in such a manner that a part of it 
appears under high powers of the microscope in the form of a network or spongework. 





~f^- 



Fig. 201. — A, DlAQRAM OF A CELL, THK PKOTOPLASK OF WHICH APPKAR8 BTBU0TUBBLBS8, BUT IS OOOUPIBD 
BT YACUOLBS ABD QBANULES. B, DiAQBAM OF A OBLL, THB PB0T0PLA81C OF WHICH IS OOKPOSBD OF 
SPOBOIOPLASX ABD HTALOPLASX. 

p, protoplasm ; n, nacleas ; n', nucleolus. 

Fig. 202.— Cbll fbok thb bpidbbmis of an bmbbto of salaxakdba, tbbatkd with 1 pbb obbt. 
HTDBOCHLOBic ACID. (After KblUker.) 

n, nueleus, with network of chromoplasm ; p^ protoplasm, showing a reticulum of plastin, 

whilst the rest of the protoplasm occupies the meshes of this network (figs. 201, B^ and 
202). The network is known as the reticulum or sponffiaplasm ; while the substance 
which occupies its meshes may be designated the enchylema (Camoy) or hyaloplamn. 
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Fig. 208. — CBLL WITH BADIALLT DISPOSBD 
BBTICULUX FBOX THB IBTBSTINAL BPI- 

THBLIUK OF A woBif. (Camoy.) 

mc, membrane of the ceU ; pe, pro- 
toplasm of the cell ; mnf membrane of 
the nucleus ; pn, achromatic substance 
of the nucleus, with the convoluted chro- 
matin filament, 6n, contracted into the 
centre. 

The proportion which these bear 
to one another varies in different 
cells, but it may be stated that as 
a general rule the amount of 
spongioplasm becomes augmented 
as the development of the cell 
proceeds, and that the younger a 
cell the greater is the relative 
amount of hyaloplasm. 

The shape and size of the meshes of the reticulum also vary in different cells, 
and even in different parts of the protoplasm of the same cell. Thus in some cells 
the constituent fibrils or cords of the spongioplasm are disposed radially from the nu- 
cleus to the periphery (fig. 203), and the meshes are radially elongated ; in others they 
are disposed evenly in all directions, whilst in some a concentric disposition of the 
fibrils can be determined. The fibrils are invariably united together (as is implied by 
the use of the term reticulum) into a network, and at the nodes of the network where 
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174 CBSMJOKL NATXJBE OF PROTOPLASM. 

ihejr join one another thej may be slightly enlarged. These enlargements at the 
jonctions of the fibrils as well as the optical sections of those fibrils which are coorsinir 
in a direction more or less parallel to the visnal axis of the observer appear, when 
the horizontally mnning fibrils are not clearly seen, as distinct points or granules in the 
protoplasm ; it is perhaps for this reason that the cell-substance was formerly con- 
stantly described as being finely granular. 

The external layer of the protoplasm of many cells, especially that of fixed cells 
like those which constitute the varieties of epithelium, and in a notable degree the 
cells of the higher plants, may become altered by the depo6i<(ion in or upon it of 
chemical substances which render it firmer and more resistant than the rest of the 
cell. In this way a cell-membrane (fig. ^08, mc) may be formed, either complete or, 
more commonly, furnished with minute pores which allow of the passage of fluid or 
the connection of the cell with its neighbours by filaments of protoplasm which 
traverse the pores. In those cases where a cell-membrane is formed the peripheral layer 
of the }»:otoplasm is usually furnished with a denser reticulum than the rest, but this 
is not the case in cells like the white corpuscles of the blood and the amoeba which have 
no cell-membrane. In these the exterior of the protoplasm may be clearer than the 
interior, indeed a reticulated appearance may be altogether wanting in it, or may be re- 
placed by a few radial striae. Such clearer peripheral protoplasm is sometimes known as 
the ''ectoplasm" to distinguish it from the granular-looking "endoplasm" around 
the nucleus. 

Chemieal nature of protoplasm.— Protoplasm may contain imbedded in its 
substance (generally in the hyaloplasm) various adventitious materials, such as 
granules of proteid or starch, globules of fat, crystals of various kinds, pigment- 
granules and globules of watery fluid (vacuoles). These may have been formed 
by the cell either from its own substance or directly from materials imbibed in a 
ttaii form, or they may have been bodily incepted in the solid form, but they are not 
essential to its composition, although no doubt when they occur they play an 
important part in relation to its vital activities.^ Apart from these the protoplasm 
of all vegetable and animal cells, since it is similar in its fimctional manifestations, 
is also in all probability similar in chemical constitution. So far as the 
proteids are concerned, it would appear that there is a preponderance of the less 
stable members of that group, such as globulins and albumoses as distinguished 
from the more stable albumins, and that these cell-proteids appear to be associated 
with ferment-like reactions like those which produce digestive or coagulative 
changes. The chief proteid found is a muco-globulin, containing phosphorus, to 
which the nsme plasiin has been applied. It would further seem that the presence 
of certain inorganic substances, and especially calcium, is essential to the 
life and therefore to the functions of protoplasm, but in what manner the 
lime may be combined with the organic basis of the living material, remains 
as yet quite undetermined. It must further not be forgotten that water enters 
very largely into the composition of all living material.' 



OHXMIOAIi AND PHYSZOAIa OHANGBB. AMCXBGID MOVBMBNTS. 

Tital phenomena of protoplasm. — During the life of a cell its protoplasm' is 
constantly undergoing chemical and physical changes. The chemical changes are in 
some measure determinable by comparing the products which are given off by the 

* The terms '* deutoplasm " and *' paraplasm " (Kupffer) hare sometimes been applied to materiab 
contained within a cell, which are not considered to constitute a part of the actoal protoplasm. 

' For an account of the present stiite of knowledge regarding the chemistry of protoplasm and of the 
cell generally, consult Halliburton, '* A Textbook of Chemical Physiology," 1891, pp. 190 to 211. 
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oellH of a tiBSue wifch the nutritive material which they absorb. Fn ail the higher 
animals this nntritive material is the blood or lymph, bat the products which are 
formed are not entirely the same for all oelk, since . they vary in some measore with 
ihe specific activity of the cell ; thns the cells of the salivary glands yield the saliva^ 
those of the mammary gland milk» and those of the liver f orm, besides other substances, 
glycogen. But all protoplasm, whatever may be its- i^pecifiC' function, haa this in 
(sommon, viz., that it abfiiorbs and combines with oxygen, and yields carbon dioiide 
and other products of oxidation, and as a result of ttiese processes of oxidation heat 
and other kinds of energy are produced. These chemical changes are always move 
marked as the functional activity of the cell becomes increased, and accordingly any 
circumstances which tend to promote the activity of protoplasm, such as warmtii, 
electrical or other stimulation, the action of certain drugs, tend pro|)ortionally to 
increase the activity of its chemical processes. One general chemical property 
of living protoplasm is that by virtue of which it. is able to assimilate and eventually 
to convert into its own substance non-living proteid material. In this manner the 
protoplasm of a cell may increase in amount, or in other words the cell may gtow ; 
but if the amount of protoplasm does not permanently increase, this is due to the fact 
that just as much protoplasm is being broken down and removed from the cell as is 
added by the process of assimilation. Chemical processes which involve the buQding 
up of living material within a cell have received the general name of anabolic changes ; 
those on the other hand which involve the breaking down of such material into 
other and simpler products are known as Jcatabolic. By the meiabolism of a cell is 
understood the sum of all the ana- anil katabolic changes which are proceeding at 
any time within it. 

Amosboid moTemasits. — The most obvious physical changes seen in living 
protoplasm are those which are designated '' amceboid.** This term was derived 
from the freshwater amoeba, the protoplasm or sarcode of which has long been known 
to exhibit spontaneous changes of form, accompanied by a flowing or streaming of 
its soft semifluid substance. The phenomenon was in fact described by Rosenhof in 
1755, but the similar movements of the cell-protoplasm of the higher animals was 
only recognised much later (in 1846 by Wharton Joneg^ who noticed the amoeboid 
movements of the white blood-corpuscles of fish). If the protoplasm of the cell is 
enclosed by a membrane its movements are necessarily confined within the limits of 
such cell-wall, and the actual changes which are in these cases observable consist in 
a streaming or flowing of the soft living substance, such flowing being rendered 
obvious by the cariying along by the stream of any minute particles which may be. 
imbedded in the protoplasm. The term *' rotation '' has been given to a movement 
of this kind which is observed in many plant-cells, and is of a very regular 
4!^haracter, and usually in a determinate direction ; but in animal cells the intrinsic 
streaming movements are less regular and usually less obvious in character. It is, 
however, on the other hand in those animal cells which are unprovided with a cell- 
wall (firee or naked cells) that what may be termed the amoeboid movements 
proper present themselves, and in none more strikingly than in the pale blood- or 
lymph-corpuscles. If one of these be observed under a high power of the microscope 
it will be seen gradually to protrude a portion of its protoplasm at one part or 
another, and sometimes at several places simultaneously. These protrusions (pseudo- 
podia) may be presently withdrawn again and others given out, or a pseudopodium 
which has been protruded at any one part of the corpuscle may extend itself f mther, 
and the main part or body of the corpuscle may pass gradually towards and into the 
extending pseudopodium. By a repetition of this process the cell may glide slowly, 
away from its original situation, and move bodily along the field of the microscope 
so that an actual locomotion thereby results. In this manner the white corpuscles 
may, even while the blood is circulating, pass through the walls of the capillaries and 
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minute veins and find their way into the surrounding connective tissue, where they 
may further continue to exhibit amoeboid movements. Corpuscles which have 
thus emigrated from the vessels are known as '' wandering cells," and the process of 
emigration is known as " diapedesis." Although probably occurring to a certain 
extent normally, it is greatly increased in inflammatory conditions of the tissues. 

Xneeption of foreign pairtiolM. — When any foreign particle comes in contact 
with a free ceU, the particle adheres to it, becomes enwrapped by processes of the 
protoplasm, and is then drawn gradually into the interior, where it may remain 
for some time without change, being moved about by any currents which exist 
in the cell, and carried along by the changes of place which the cell undergoes 
(see iSg. 204). Eventually such foreign particles may be extruded again. If, on the 
other hand, the particle is of considerable size as compared with the protoplasm 
with which it comes in contact, the latter extends around and over it so as to 
envelop it more or less completely. This phenomenon of inception seems thus to 
be dependent upon amoeboid movements of the protoplasm. 

Conditioiui iafluasusiiig tlie contraetil* manifestatioiui of protapUuna- — 
All the several manifestations of contractility are influenced in the same manner by 




Fig. 204. — Ohaxqbs or iokk of a whitb corpusclk of vkft*s blood, skxtobbd at irtkkyals op 

A FEW iriKUTES. TkK FIGURES SHOW ALSO TBS INTUSSUSCEPTION OF TWO SMALL GRANULES, AND 
THE CHANGES OF POSITION WHICH THESE UNDERWENT WITHIN THE CORPUSCLE. (E.A.S.) 

similar external conditions. Thus it is found that variations of temperature have 
a marked effect upon all. In warm-blooded animals the phenomena cease altogether 
to be exhibited, if the protoplasm which is under observation is cooled to below a 
temperature of about 10** C, although they will be resumed on warming the 
preparation again, and this even if it has been cooled to 0*" C, or a little lower. 
And when warmed gradually, it is found that the movements become more active 
as the temperature rises, attaining a maximum of activity a few degrees above the 
natural temperature of the body, although if maintained at an abnormally high 
temperature, they are not long continued. A temperature a little above this 
maximum, rapidly kills protoplasm, producing a stiflEhess or coagulation in it 
(heat-rigor) which is preceded by a general contraction. From the condition of 
rigor the protoplasm cannot be recovered. 

The contractility of protoplasm is dependent upon supply of oxygen. If this be 
withheld, the movements will, it is true, proceed for a time as usual, but this is 
because protoplasm, like other forms of contractile substance, such as muscle, has 
the power of storing away and using oxygen in some form of combination. For it 
is found that the active manifestations will not proceed indefinitely in the absence 
of oxygen, but cease after a time, to be renew^ only on the accession of iresh 
oxygen. 
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directions, which interlace and join with one another throughout the nucleus to form 
the reticulum which is usually observed (fig. 209, c). When, however, a nucleug is 
about to undergo division by karyokinesis these secondary twigs become again with- 
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Fig. 209. — DlAQRAMS TO SHOW THE QSKKRAL ABRAKOEMENT OP THE CHIEF CHROUATIC FILAMENTS IN 

A KucLsus. (Rabl.) 

A, nuclens viewed at the ''pole** end; f, /, looped extremities of the chromatic filnments ; l\ l\ 
irregular filaments. 

B, nuclens viewed at the '* anti-polo " end. The free ends of the chromatin loops are seen inter- 
digitating. 

C, nucleus viewed from the side, the "pole " end being uppermost. On the left side only the pri- 
mary filaments are shown ; on the right side the secondary filaments, which produce the network of 
the resting nucleus, are represented. 



drawn into the parent loops of chromoplasm, and the typical arrangement of the 
loops becomes manifest. 

The nuclear filaments are not structureless, although it is difficult to make out 
any structure in them when they form a close reticulum. But when they form a 
convolution or skein within the nucleus they are often sufficiently large 
and evident to permit a oefinite structure to be made out. Indications of 
such structure were first described by Balbiani in salivary cells of an insect-larva 
(Chironomus), in which the convoluted nuclear ^laments show well-marked trans- 
verse striations as if made up of alternate dai;k a^d light bands. When this appear- 
ance is more closely investigated it is founato be due to the existence of minute, 
highly-refracting particles, which are imbedded in regular series in a clear homo- 
geneous matrix (fig. 210). These ptoticles have a strong affinity for colouring matters, 
and it is in virtue of their presence that the nuclear filaments become deeply 
stained by hsematoxylin, safranin, and other substances ; hence the material of whicli 
they are composed is known as chromatin^ or chromatic substance, and the re- 
mainder of the nucleus is teimcd in contradistinction achromatin, or achromatic 
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substance. The chromatin is sometimes in the form of fine particles, which are 
arranged in a linear manner to form filaments. 

The term chromatin was originally employed by Flemming to denote the whole Bubstance 
of the chromoplasmic filaments, but since it has been shown (by Camoy and others) that those 
filaments are actually composed of two substances, one stainable atid the other remaining 
unstai n ed by most dyes, it is advisable to restrict the use of the term in the manner above 
indicated. The particulate structure of nuclear filaments was first noticed by Pfitsner in the 
V-shaped loops of certain dividing nuclei 

As to the membrane bounding the nucleus, this has been regarded by most 
autho:*s as a distinct wall shutting it off from the protoplasm of the ceU. Others look 

Pig. 210.-^Part of the nuclear filament of the cell shown in no, 208. 
Greatly xaonifibd. (Gomoy.) 

upon it as being merely a dense superficial portion of the chro- 
moplasmio network, and therefore as not complete, but rather 
of the nature of a basket-work permitti|2g of intercommunica- 
tion between the cell-hyaloplasm and the nuclear matrix. . Others, 
who admit the incompleteness of this chromoplasmic membrane, 
yet describe a complete emcloeing membrane of achromatic 
substance separating the nucleus from the cell-protoplasm. 
Chemical nature of the nucleus — ^ot. much is known regarding the 
chemical nature of the cell nucleus.' Miespher described in the nuclei of pus 
cells a substance to which he gave the name nt^^fem, which is characterised by the 
resistance which it offers to most chemical reagents, especially to acids and 
digestive juices, and by its containing a considerable quantity of phosphorus. 
This substance is in all probability identical with Flemming's chromatin. The 
achromatic material of the chromopksmic fibres, which has received the name 
of Unin, has been conjectured to be similar to the plastin which is found in cell- 
])rotopla8m. The composition of the nuclear matrix and of the spindle of achromatic 
fibrils which makes its appearance in the nucleus during karyokinesis is completely 
unknown, but the fibres of the spindle are probably composed of linin. 

The nucleus has been supposed by some histologists to be identical in nature 
with protoplasm. Its behaviour, however, with many reagents is altogether different ; 
and in general it may be said that it offers greater resistance to their action than the 
substance which surrounds it. Moreover, its chromoplasm stains much more 
intensely with hematoxylin and many other reagents, than does protoplasm, and» on 
the other hand, it remains in some cases unstained by reagents which colour protoplasm 
intensely, for example, solution of chloride of gold. So that chemically at least there 
is a considerable difference between the nucleus and the protoplasm. But if we 
regard the spontaneous changes which are manifested by both, and especially the 
important part which the nucleus plays in the division of the cell, as will be imme- 
diately described, there is much in favour of the view which regards the nucleus as 
a portion of the living substance somewhat altered in chemical nature, which is set 
aside to preside over the reproduction of the cell, and perhaps also over other 
functions. In favour of this view there are observations which show that.under certain 
circumstances, the nucleus may enlarge at the expense of the protoplasm, even to the 
extent of absorbing the greater part of the latter, so that the whole cell is little else 
than nucleus ; indeed, this relative increase of size of the nucleus seems to be a 
change which constantly precedes the phenomena of cell-division. 

Fnnotioiui of the mieleiui. — Various observers have described in the cells of 
eecreting glands and elsewhere, a spherical body which is either partly attached to 
the nucleus or is at least closely connected with it. This has been spoken of 
as the paranudmta (German, Nehetikern\ and it is described as having been 
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Many reagents in solntion inflaence the activity of protoplasm. Some of these 
act by adding to or subtracting from the water which it contains. As a general 
rule the imbibition of water up to a certain point, varying according to the 
source of the protoplasm which is under observation (Thoma), accelerates the 
activity of the protoplasm, but beyond that point addition of water produces a 
destructive effect. A comparatively slight amount of desiccation is, so far at least 
as regards the protoplasm of the higher animals, destructive of vitality, but this 
statement does not hold good for the protoplasm of many of the lower animal 
and plant organisms. 

Amongst reagents acids, although very weak (even carbonic acid), stop the 
contractile manifestations ; alkalies, on the other hand, if sufficiently dilute, increase 
at first their activity. They are stopped by chloroform and ether, but may be 
again resumed on the removal of those vapours. Some poisons {e.g,^ veratria) 
rapidly an-est the movements of cells. 

Effect of electrical and other stimuli upon protoplaem. — The effect of 
electrical stimulation upon protoplasm which is exhibiting either amoeboid or 
streaming movement is, if sufficiently strong, to cause an immediate cessation of 
those movements, accompanied by a withdrawal into the main substance of any 
processes that may have been protruded. If the stimulation cease the movements 
will recommence, provided the shock has not been so severe as to injure the living 
substance. • 

Abrupt changes of temperature, and mechanical stimulation, such as is pro- 
duced by sudden pressure or harsh contact, act in a similar manner. 

Further consideratioiui regarding the structure of protoplasm. — If the 
pseudopodia of a white blood-corpuscle are observed with a high power of the micro- 
Fig. 205. — An AMaBoiB palb oorpusolk of the sbwt, 

KILLED BT IHSTANTANB0U8 APPLICATION OF STKAK, 
BHOWINQ THE 8TRUCTUBKLB8S APPBA&ANOB OF THE 

PSEUDOPODIA. (Drawn by D. Gunn. ) 

scope, they appear when first thrown out 
from the body of the corpuscle to be per- 
fectly clear and homogeneous as if com- 
posed of hyaloplasm alone. Subsequently 
the reticular part of the protoplasm may 
flow into the pseudopodium. This struc- 
tureless character of the pseudopodia can 
be well observed if a preparation of the 
blood of the newt be made and set aside for half-an-hour or more until the white 
blood corpuscles have had time to throw out broad flattened pseudopodia which 
spread themselves over the under-surface of the cover-glass. If now a jet of steam 
be allowed to play for a moment upon the cover-glass, these corpuscles are instantly 
killed without having been able to withdraw the pseudopodia. They can then be 
hardened and stained, and observed with the highest powers of the microscope, 
when it is found that the thin extended portions of protoplasm show no trace of 
structure but appear completely homogeneous, in decided contrast with the main 
part of the cell, which exhibits distinctly the spongio-plasmic network. 

Strieker has lately published a photograph of the wliite blood-corpuscle of a 
Proteus anguineus, which demonstrates the same feet. In this photograph, which 
was taken from the living amoeboid cell by an instantaneous method, the body of 
the cell, which is nearly spherical, is beautifully reticular, whilst a thin external 
layer and a pseudopodium, which is being protruded, appear completely 
homogeneous. 
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From this i^ is clear (hat the pneadopodial protoplasm, that namely to which the more 
olmous activity of the cell is immediately dne, is stmctureless, and, probably, composed 
of hyaloplasm alone. The amoeboid movements are produced by a flowing of this hyalo- 
plasm, which may extend, as in many Bhizopods, far beyond the limits of the spongioplasm. 
Bat if the corpuscle is subjected to artificial stimulation of any kind (electrical, mechanical, 
thermal) the pseudopodia are withdrawn into the body of the corpuscle, which then becomes 
spherical and appears wholly reticular. The spherical f onn of the corpuscle represents, there- 
fore, the completely contracted condition ; it is only in the absence of any obvious source of 
excitation that the cell throws out pseudopodia. Since the spherical condition is prodnced by 
mechanical stimuli, it is probable that the impacts which the white blood-corpuscles are con- 
stantly receiving in the circulating blood maintain them in the spherical form which they 
always exhibit within the vessels, and immediately the blood is drawn. It may also be that 
the inception of foreign particles by amoeboid cells is produced by the excitation whidi their 
contact produces npon the portion of hyaloplasm to which they adhere, causing its contrac- 
tion and withdrawal into the spongioplasnu 

To gam up : — ^The protoplasm of an amoeboid cell is composed of two STibstaDces 
-^spongioplasm and hyaloplasm. The spongioplasm has a reticular appearance and 
jspoDge-Iike strncture, an afBnitj for staining fluids, is firmer and more r^ractile 
than the hyaloplasm, and is probably highly extensile and elastic, but not actively 
jsontractile.^ The hyaloplasm, on the other hand, appears structureless, has little or no 
Affinity for stains, and i& highly labile and fluent. It is the active flowing movements 
of the hyaloplasm which produce the weH-known phenomena of amceboid activity. 
The spongioplasn) forms a sort of framework which serves to support the hyaloplasmy 
and into which, under the influence of stimuli, the hyaloplasm may become entirely 
withdrawn. In non-amccboid cells the hyaloplasm does not extend beyond the limits 
of the spongioplasm. The latter is the " oecoid," hyaloplasm the "zooid," to adopt 
terms which Bruecke has introduced into histology, although with a somewhat 
different signification (see p. 242). 

The question has been frequently discussed whether we are to regard the spherical condi- 
tion as that of rest, and the amoeboid condition as that of activity, or rlre rersa. Viewed 
by the light of the above statements it is clear that both are manifestations of activity, both 
being produced by flowing of hyaloplasm. In the one case this flows into the pores of the 
spongioplasm ; this is the condition which corresponds to the contraction of muscle ; in the 
other case the hyaloplasm flows ont of the spongioplasm, producing a condition corresponding 
to the extension of muscle after contraction.^ 

Whether one or other of the two substances is ever wholly absent from the protoplasm of 
ceUs is a question which cannot at present be decided. There are ceUs and unicellular 
organisms, both animal and vegetable, in which no reticular structure can be made out, and 
these may be formed of hyaloplasm alone. In that case, this must be looked upon as the 
essential part of protoplasm. So far as amcsboid phenomena are concerned, it is certainly so ; 
but whether the chemical changes which occur in many cells are effected by this or by 
spongioplasm is another matter. 

The movements within plant cells must also be regarded as due to the flowing of hyaloplasm. 
It is, indeed, impossible to conceive that the contraction of a reticulum could produce the 
circulation of the protoplasm whidi is seen within a cell of Vallisncria. How the flowing is 
produced is an entirely different question, and one which must at present remain unanswered. 

Quincke has shown that if a drop of solution of albumin surrounded by an envelope of 
oil is placed in water a soapy film forms at the junction of the oil and water, and the drop 

^ Camoy and msDy other histologists have assamed that the spongioplasm or reticulum is the -con- 
tractile part of protoplasm, and that the hyaloplasm is passive. If tins were the case electrical excitation 
nhduld cause the reticulum to shrink and to squeeze the hyaloplasm out of its meshes whereas the con- 
trary is the case, the hyaloplasm passes into the meshes of the spongioplasm, which become thereby 
'enUigied. 

' ^.In dealing with the structure of muscle it will be shown that here also as in protoplasm there is a 
passage of a substance resembling hyaloplasm into and out of a porous spongioplasm. It will further be 
presently shown that the activity of cilia, can also be explained by assuming a flowing of the cell -hyaloplasm 
into and out of the cilia, so that all thesaforms of contractile phenomena can be brought into the same 
eategory. 
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exhibits changes of form due to alterations of surface tension, which are comparable to^the 
amceboid movements of living ceUs. Still more recently, Biitsohli has found that if oil is 
rabbed up into a paste with certain alkaline salts in a moist condition, and some of the paste 
is examined in water, the latter diffuses into the paste and converts it into a froth, which, 
under the microscope, has an appearance not unlike the reticular part of protoplasm. 
In such a froth streaming movements may be seen, lasting for a considerable time, aiid 
changes of form may occur in the mass, due partly to continued diffusion through the so^>- 
like envelopes of the froth -bubbles or vacuoles, and partly to the bursting of these bubbles 
when they become enlarged and approach the edge of the mass. Upon these observations 
B&tBchli has based a theory that all protoplasm has such a vacuolated froth-like structure, 
that the reticulum is only apparent, being the optical expression of the material between the 
vacuoles, and that the movements of protoplasm are produced by phymcal and chemical 
processes analogous to those which cause the movements within the^^oth of oil and salt- 
solution which he has employed. Whilst admitting the interest of Batschli*s observations, it 
would, I think, be unwise to follow too far the deduction which he is inclined to draw from 
them. For amongst other important objections which might be urged, the absence of 
reticular appearance, and, therefore, of frothy structure from the active protoplasm of 
psendopodia is in itself fatal to the theory. This difficulty Blitschli meets by aslhiming that 
such structure is really there although the thinning out of the pseudopodia.has rendered it 
invisible. But the line of junction of the spongioplasm and hyaloplasm of an amoeboid cell 
is sharp (fig. 205), and shows no tendency to fade off gradually into the ;pBendopodia, as on 
BUtschli's assumption it should unquestionably do. 

Nageli, on theoretical grounds, has conceived that the essential living substance must in 
its ultimate (ultra-microscopical) structure consist of solid particles (or systems of such 
particles) surrounded by material of fluid consistence. To these hypothetical particles of 
living matter (or to the systems which they form) he has given the name mu^elUe {tagwuUaj^ 
Pfeiffer), an^ he supposes that they may, like the substances known' as ferments, produce 
chemical changes in materials which are in contact with them without themselves undergoing 
any permanent or perceptible change (catalytic action). 
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The nucleus is a minute vesicular body, placed generally near the centre of the 
cell and embedded therefore in the protoplasm. In form it is round or oval in most 
cases, but it may be elongated and folded or irregular in shape. Its size relatively 
to that of the cell varies much in different instances, for sometimes there is so 
small an amount of protoplasm that the nucleus appears to occupy nearly the whole 
cell. This is the case with many of the cells which are met with in lymphatic 
glands, and with the small ner\'e-cells which are found in the cerebellum and 
elsewhere. On the other hand, the protoplasm of the cell, whether altered as in tho 
superficial layers of some stratified epithelia, or unaltered as in many of the white 
corpuscles of the blood, niay much exceed the nucleus in bulk. In absolute size, 
the nucleus does not exhibit so considerable a variation as do the cells of the same 
animal. There are, however, some notable exceptions ; thus the nucleus is abso- 
lutely much larger in the ova and in many nerve-cells than it is in other cells of the 
body. 

. Straotiire of the nucleiu. — In the typical '^ resting *' coudition the nucleus is 
always bounded by a well-defined wall, which encloses the nuclear contents. These 
are of two kinds, formed and amorphous. To the latter the term ntxlear fluid is 
sometimes applied, and the former may be conveniently termed chromoplasm 
(nucleoplasm or karyoplasm of authors) ; this term is used to include also the 
substance which forms the wall of the nucleus. But it is by no means certain that 
the homogeneous amorphous substance which occupies the interstices of the 
chromoplasm is entirely fluid, so that it is better termed nudmr matrix. It is 
very possible that this homogeneous matrix of the nucleus may be of the same 
nature as the hyaloplasm of the cell-substance if indeed it is not actually continuous 
with it, but the chromoplasm is not the same as the spongioplasm of the cell-* 
substance. . , -^ 
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The chromoplasm asnally takes the form of a network of fibres connected 
externally with the nuclear wall. One or more strongly refracting granules or 
globules, which are named nucleoli^ may be suspended, isolated, in the nuclear 
matrix, or they may be connected with one another, if they are more than one, and 
with the nuclear wall by the network of fine filaments just spoken of (fig. 206). Some 
authors regard the nucleoli as mere local accumulations of the chromoplasm. 









Fig. 206. — Diagram of BKsriira xuclbvs. (Waldeyer.) 

Kg. 207.-^CBLL-lltJCLBI, KXHIBITIHO THB RBTlCtJLATB APPBARAVCB OF THB KART0PLA8M. (Flemming.) 

o, naclem of liyer-oeU (carp) ; &, nncleos of a connectiTe tinae oelL 



differing only in size from those which occur at the nodes of the network. Others, 
relying upon certain differences in their behaviour to staining fluids, look upon the 
nucleoli as altogether distinct in nature and chemical composition. 

Spontaneous changes of form may occur in nuclei. Thus both Flemming and 
Strieker have described, in preparations of blood, nuclei, which had been set free 
by rapture of the corpuscles to which they belonged, exhibiting spontaneous changes 
of form, and Ellein has made a similar observation upon the large nuclei of the 
glands in the skin of the triton. Within the living epithelium-cells of the 
tail of salamander-larv89, Flemming also noticed alterations taking place in 
the outline of the nuclei. Several observers have remarked spontaneous changes 
of form in nucleoli, which they have compared to the amoeboid movements of 
pro^plasm. 

Although most so-called " resting " nuclei, t.6., nuclei w^hich are not at the time 
in process of division by karyokinesis, exhibit the well-marked reticular appearance 
just mentioned, some are occasionally met with in which the nuclear filaments are 

Fig. 208. — Gla»d-cbll from a larva of Nbmocbra. (Carnoy.) 
m, oeU-membrane ; js, protoplasm ; n, nucleus with convoluted filament. 

not united with one another to form a network, but have the 
appearance of a convoluted skein (fig. 208), which may either con- 
sist of a tortuous filament or of several distinct looped and con- 
torted threads. When thus formed of a number of looped filaments 
it may frequently be noticed that one side or pole of the nucleus 
is left clear of the filaments, the loops of which are set around this pole {^g, 209, A), 
while their free ends interdigitate at the opposite pole (antipole, fig. 209, b). It is 
thought probable by Rabl, who has pointed out these difierences at tSe two poles of 
the nucleus, that this condition is really the typical one, and that it occurs in most 
nuclei, but that the primary loops of chromoplasm send out secondary twigs in all 
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derired from the naclens of the cell, although the exact manner of its formation is 
not clear. Important functions in connection with the nutrition and functions of 
the cell generally have been ascribed to the paranuclei^ but further investiga* 
tions are needed in order to show how far their occurrence is general, and what is 
the precise nature of the part they play in the economy of the cell. 

The general question whether the nucleus of a cell has any functions 
beyond those concerned with the reproduction and division of the cell also 
requires further elucidation. T}\e existence of animal cells or organisms without 
nnclei has been affirmed by various authors.^ but in all but the lowest animals and 
plants every cell is undoubtedly nucleated. Attempts have been made with more or 
less success to separate off portions of cell-protoplasm without nuclei, and to keep 
them for some time under observation with the microscope. It is stated that under 
favoiirable circumstances the separated protoplasm will continue for a while to live, 
and will exhibit amoeboid movements, but that it does not grow nor form a cell-mem- 
brane (vegetable cells), although the part of the cell which still contains the nucleus 
enlarges to the origioal size of the whole cell, and does form a new cell-membrane. 
In the case of the amoeba it has been found that the portion deprived of a nucleus 
will take in food-particles as before, but does not digest them (Hofer), nor are its 
amoeboid changes so pronounced as in the part which still has the nucleus. The 
action of the contractile vacuoles continues, however, unaltered. From tins it has 
been inferred that the presence of the nucleus is necessary to the growth and 
nutrition of protoplasm, and that it may therefore be concerned to a certain extent 
in regulating the anabolic processes of the cell as well as its division and reproduc- 
tion. In the ovum of Dytiscus, Eorschelt has observed an intimate relationship 
between the formation of f ood*granules within the ovum and the protrusion of pseudo- 
podium-like processes from the nucleus, and infers from these observations that the 
nucleus may be directly concerned in the assimilation of nutriment. But whatever 
other fhnctions it may possess there is no doubt that the most obvious function of 
the nucleus is connected with the division and multiplication of the cell. 



THE DIVISION AND MUIiTIFLICATION OP CELLS AND NUOIiBI. 

Direct and indirect division of nudeL — According to the scheme of cell- 
division which was formulated by Bemak, the division of the cell is preceded by the 
division of the nucleus, which forms by a simple process of constriction two equal 
parts, and this again is initiated by the previous division of the nucleolus. The 
essence of this scheme consists in the simple fission of the nucleus, which directly 
divides to form two smaller or daughter nuclei : it is commonly spoken of as the 
process of " direct '* division. 

The term " indirect " division has been given on the other hand to a process which 
is of very wide and almost universal occurrence in both animal and plant cells, in 
which the chromoplasm undergoes previously to the fission of the nucleus a series of 
remarkable changes, the ultimate result of which is the separation of its chromatin 
into two exactly similar portions, which go respectively to form the chromatin of the 
daughter nuclei. Concomitantly with these changes in the nucleus the protoplasm 
of the cell also exhibits active changes, which ultimately result in its accumulation 
around each of the daughter-nuclei and the formation of two separate cells. To the 
changes which are undergone by the nucleus in this "indirect" process of division 
the name karyokmesis was given by Schleicher : the appearances which the nuclei 
present at different stages of karyokinesis are spoken of as mitoses ^ (Flemming). 

^ fihoff a thread. The indirect piocees of diviBion is also termed " mitotic," and the direct is known 
in oontiadistinction as '* amitotic. ^* 
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With the diBcovery of the wide-spread occurrence of karyokinesis there was for 
a time a tendency manifested to deny altogether the possibility of the more direct and 
simple process of nuclear fission. It is now usually held that this simpler process may 
occur, although it is not easy to adduce entirely satisfactory evidence of amitotic 
instances of nuclear division. No doubt elongated nuclei are frequently to be seen with 
two nucleoli and with a constriction, more or less pronounced, in the middle, partially 
dividing them into two parts, but hitherto no competent observer has seen and 
described all the stages of simple fission proceeding in one and the same nucleus in 




Fig. 211. — Epithxlium-cslls of salaxardxr-larva in different stages of KARTORINB8I8. Thb 

CELLS WERE HARDENED IN PICRIC OR CHROMIC ACID, AND STAINED WITH HJtXATOXTLIN OR 8AFRANIH. 

Highly magnified. (Flemming. ) 

a, resting cell, showing the nuclear network ; 6, first stage of division, the chrorooplasm transformed 
into a skein of closely contorted filaments ; c, second stage, filaments larger and less closely arranged : 
in this and all the other figures except a the nuclear matrix is clear ; d (rather more magnified than the 
rest), filaments larger and showing an arrangement in loops : this is more evident in e, where they 
coUectively have a rosette-like appearance enclosing a central clear space ; /, filaments conveiiging 
towards the centre ; ^, stellate phase or aster ; A, completion of longitudinal splitting of the filamenU 
which is already beginning in / and </ ; t, commencing separation of filaments into two groups (meta- 
kinesis) ; j, further separation into two sets ; il*, separation more advanced ; l^ stellate phase of 
daughter-nuclei (dyaster) ; m, commencing convolution of the filaments ; n, filaments more contorted ; 
o, pj gradual passage of daughter-nuclei into condition of rest (network, 9). The division of the proto- 
plasm is seen to begin in the stage represented by m and to be rapidly completed (at n). 

the manner in which the process was believed to occur prior to the discovery of 
the mitotic process. Lymph-cells were for a time often instanced as exhibiting the 
amitotic changes, but, as it would appear from Flemming's researches, on entirely 
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insufficient gronndSy and most other examples which haye been adduced have also 
failed when subjected to a rigorous inyestigation.i 

While, therefore, we are not in a position to deny the occasional occurrence of 
amitotic nuclear division, it must yet be affirmed that in by far the largest number of 
oases in all classes of plants and animals cell-division takes place by the mitotic 
process. 

Karyokinesis. Indirect or mitotic divisioa of the nucleiui. — The following 
is a brief account of the more important phases of karyokinesis which have been noticed 
in typical instances of indirect or mitotic division in animal cells : — 

The nucleus of a cell which is about to divide first becomes somewhat enlarged 
and its chromoplasm loses the net-like arrangement which is usually met with in resting 
nuclei, and becomes converted into a closely constricted skein of filaments (fig. 211, b). 
There is some difference of opinion as to whether at this *' skein *' stage there 
are a number of separated filaments, or whether there is one long filament only. Both 
the nucleoli and the chromatic nuclear membrane become merged into the skein of 
chromoplasm, and the outline of the nucleus against the cell-protoplasm becomes in 
consequence less distinct. According to Babl, the conversion of the network into the 
skein is effected by the withdrawal of all the secondary anastomosing chromoplasmic 
filaments into the primary convoluted loops (fig. 209, C) : the latter therefore become 
thicker and more evident, and this process of thickening accompanied by shortening 
of the convolutions proceeds until a far less complex and more open skein is the result 
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Fig. 212. — APPEARAROB op ACH&OMATIO SPINDLB in polar ARXA of DIVIDIKa KUOLEUS. (Rftbl.) 

Fig. 213. — MOVXXBKT OF SPIRDLB TOWARDS THB XIDDLB OF THB NUCLEUS, ACCOXPANIED BTTHB V-8HAPBI> 
CHB0X0S0XE8, SOKE OF WHIOH ARE ALREADY 8PUT LONOITUDIRALLT. 

(fig. 211,cQ,in which the constituent looped filaments can now be seen and their arrange- 
ment relative to pole and antipole of the nucleus made out (fig. 209, A and B). At 
about this stage of the process of karyokinesis, a spindle-shaped system of achromatic 
fibrils which is known as the achromatic spindle, makes its appearance at the pole of 
the nucleus, either taking origin altogether within the nucleus, or arising partly or 
entirely in the adjacent protoplasm and passing into the nucleus at it3 polar area (figs. 
212 and 213). At any rate the poles of the spindle soon reach as far as or even project 
beyond the limits of the nucleus on either side, and the achromatic fibres which com- 
pose it diverge at either pole from a central particle (fig. 214), the pole-corpuscle, 
and from this corpuscle on the other hand fibrils radiate outwards into the protoplasm 
of the cell. 

As just stated, the achromatic spindle makes its appearance at the polar end of the 
nucleus, towards which the loops of the chromoplasmic filaments are directed. 
Here the spindle is placed obliquely across the polar area, and hence it moves 
gradually towards the middle of the nucleus, where it eventually takes up its position. 
In this movement it is accompanied by the chromatic filaments (chromosomes of 

1 InBtanees of amitotic division which have been described in recent yean by various authois, will 
be found referred to in Waldeyer's article on Karyokinesis, in the Quarterly Journal of Microscopical 
Science, vol. xxx., 1889 ; also in an article by Flemming on the Division of Leucocytes, in the Archiv f. 
mikr. Anatomic, Band xxxvii., 1891. 



186 



KARYOKIKESIS. 



Waldeyer), and by the time the spindle has reached the middle of the nucleus, these 
filaments, now shortened and become distinctly Y-shaped, are seen to be arranged in 
a star-like manner radiating from its equator. This star-like disposition is best seen 
when the nucleus is viewed in the direction of the axis of the spindle ; the stage is 
known as that of the mter or monaster (fig. 215). By the time that this stage is 
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Fig. 214.— DiVIDIKO NUCLEUS, 8H0WIN0 SPINDBlt OK ACHROMATIC FIBRES, WITH THE CHROMOSOMES 
ARRAROSD ASTRALLT AT THE EQUATOR OF THE SPIRDLE. (Rabl.) 

arrived at, and sometimes even while the chromatic filaments still form a convoluted 
skein, a remarkable change, first noticed by Flemming, is found to have occurred in 
them, each chromosome having become split alobg its len^h into two exactly similar 
but finer filaments, which remain adherent to one another for a while (fig. 211, g, 
and figs. 218, 214, and 215). There can be little doubt that this cleavage of the ohro- 
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Pig. 2J5. — DlVIDINO HUCLEUS AT ** ASTER*' STAGE, SEES KROM ONE OF THE POLES. 
SPINDLE IS REPRESENTED FORESHORTENED. (Rabl.) 
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mosomes is one of the most important of the karyokinetic changes of the nucleus, 
for the result is that the chromatin is thereby divided into two precisely equal 
amounts, which pass as the subsequent phases show to the respective daughter- 
nuclei. 

The next stage in the process of karyokinesis has been termed '^ metakinesis " and 
consists in the separation of the chromosomes which have resulted from the longitu- 
dinal division above described (fig. 211, t,^^ A:). The separation usually begins at 
the apices of the Y-shaped loops which as they separate become turned towards the 
poles of the spindle, while the limbs often remain adherent for a time at the 
equator of the spindle (fig. 216, A and B), and even after separation remain con- 
nected across the equator by delicate achromatic uniting filaments (fig. 216, C).i 

^ It is now agreed by meet observers that these '* unitiDg filaments " are not» as was formerly sup- 
I>06e<l, parts of the achromatic spindle, but that they are probably spun out from the chromosomes as 
these pass towards the poles of that spindle. It is assumed that the spindle-fibres shorten, and that 
this shortening or contraction tends to draw tlie chromosomes towards each pole. According to y. Beneden 
and Rabl, the spindle-fibres are very numerous, and Rabl believes them to be attached to the chromatin 
granules of Pfitzner, of which the chromosomes are made up, the spindle being thus formed of two 
distinct cones of achromatic fibres. 
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The chromosomes now pass along the fibres of the achromatic spindle with their apices 
directed towards the poles of the spindle. The convergent direction which they thus 
assume as they approach the pole, gives them a star-like appearance when viewed in 






Fig. 216.— Stages. OF metakikksis. (Rabl.) 

A, commencing separation of the split chromosomes. 

B, the separation farther advanced. 

G, the separated chromosomes passing along the fibres of the achromatic spindle. 

the axis of the spindle, and since there are now two such converging groups in the 
original nucleus the stage has been tenned the dt/aster (fig. 211, /, m). 

In the next phase the chromosomes, which are thus passing to form the daughter- 
nuclei, tend to become convoluted and to arrange themselves in the manner typical 
of a resting nucleus, with their loops directed towards one pole (that of the half 
spindle along which they have passed), and their free ends towards the other pole 
(fig. 217) ; if much convoluted they have the appearance of a skein (fig. 211, n), but 
this is not so complicated as that of the mother-nucleus. Finally from the convo- 



Fig. 217. — Formation of chromatik net- 
work IN DAUGHTER-NUCLEI. (Rabl.) 

In the upper daaghter-nocleus the 
chromosomes are still separate and com- 
paratively simple loops ; in the lower one, 
secondary filaments are growing out from 
them to form a network. The celUpro- 
toplasm is now completely divided. 
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luted primary loops of the daugh- 
ter-nuclei secondary filaments are 
given off (lower half of fig. 217), 
which anastomose with one an- 
other, and convert the chromo- 
plasm into the network of a rest- 
ing nucleus (fig. 211, jt?, q). 

The cell-protoplasm divides during or immediately after the stage of metakinesis. 
Sometimes a constriction is seen around the equator of the cell, and this becomes 
gradually more pronounced until the division of the cell is complete. In other 
cases — and this is especially frequent in plant cells, but is also seen in some animal 
cells (fig. 218, d) — ^points of enlargement make their appearance on the achromatic 
uniting filaments which connect the daughter-nuclei in the stage of metakinesis, 
and these points gradually increase in size until they mark a plane of separation 
between the two halves of the cell, which then divides along this plane. 

The above is the typical mode of division by karyokinesis, but there are many 
varieties. Sometimes, as in most plant cells and in many animal ova, the achromatic 
spindle is very distinct (fig. 218), and the chromatin is in very small amount, the 
chromosomes being in the form of short rods instead of relatively long filaments. 
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The filaments have been described in some instances as splitting transversely instead 
of longitudinally (Camoy), but it is uncertain if this is really the case. In the division 
of the ovum of Ascaris megalocephala (fig. 219), v. Beneden describes the achromatic 
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Fig. 218. — Stages in thb ditision of the oyum or saa-osLL of a work. (Strasbniger. } 

a, oTum before division ; 6, nucleus occupied bj a spindle-shaped system of fibres, with chromatin 
nodules (chromosomes) at the equator of the spindle ; c, separation of chromosomes into two parts which 
gradually travel towaids the poles of the spindle and there become transformed into new (daughter) 
nuclei, whilst the protoplasm at the same time also separates into two parts {d, e, f); in (2 thickenings of 
achromatic fibres in middle of spindle, indicating plane of division of cell ; g, repetition of the division- 
process, formation of spindles in daughter-nuclei ; h, result of the division of these. 

spindle as being preceded by the differentiation within the protoplasm of two 
"attraction-spheres" which surround the pole-corpuscles, but are separated from 
them by a clear area. When the spindle is developed its fibrils extend from the centre 




Fig. 219. — Ovum of aboaris meqalooephala in process of divisiok. 

A, ovum before division, with the chromosomes of the female pronucleus in the skein condition. 
Adjacent to the pronucleas are two attraction-spheres, united by an achromatic spindle. 

6, the attraction -spheres are now at opposite ends of the ovum : at the equator of the spindle 
which unites them, four chromosomes are seen. The protoplasm of the ovum, except in the equatorial 
zone of the cell, is arranged in lines radiating from the centre (central particle) of the attraction spheres. 

C, stage of metakinesis. The chromosomes are seen passing along the achromatic spindle towards 
its poles : the equatorial zone is broader, and the attraction lines extend a less distance in the proto- 
plasm ; the central particle of the attraction sphere is divided into two. 

D, the daughter-cells are now formod, and the attraction-sphere in each is already divided prepa- 
ratory to the division of the daughter-nuclei. 

f.c, equatorial circle ; p.c, polar cone ; c.c, pole-corpuscle. 

of these attraction-spheres, which thus occupy its poles, towards its equator, and are 
.on the other side prolonged towards the periphery of the protoplasm as a conical 
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system of fibrils, which v. Beneden terms the polar cone (fig. 219, p.c.). Besides these 
fibres of the spindle and its polar cones, other striae radiate from the attraction-spheres 
into the surrounding protoplasm, leaving a somewhat prominent equatorial zone of 
cell-protoplasm free from radiations, and marked ofi^ from the radially striated part 
by a distinct boundary line. After the formation of the daughter-nuclei, each pole- 
corpuscle, with its surrounding attraction-sphere, is described as undergoing division 
and remaining within the daughter-cell as a double system of spheres, ready to 
initiate the further division of the nuclei which have just been formed. If this be 
so the attraction-spheres are not to be regarded as developed only during karyokinesis 
but as forming a prior constituent of the cell, merely becoming more evident at the 
time of cell-division, and along with the achromatic spindle, which subsequently 
unites them, may be regarded as initiating and directing the division of the nucleus 










Fig, 220. — Stages dt the division of thk nucleus of a living epitheliux cell in the epiderxis 
OF A SALAXANDSR-LARYA. (Flemming.) 

a, cell showing the micleas transformed into a mass of contorted filaments (corresponds to b and'c of 
fig. 211) ; 6, the naclear filaments have become fewer and more united, and begin to assame a con^ 
verging arrangement (compare d, f, /, of fig. 211) ; c, stellate form (compare fff fig. 211) ; d, e, honr- 
glara contraction of the nacleus which gradually passes off and the form e is resumed. This may occur 
more than once : eventually the filaments accumulate in a direction parallel to one another near the 
centre of the cell, and then gradually separate into two sets as shown in/ (t, jt k in fig. 211). These as 
they reUre towards the poles gradually resume the stellate form// {l, fig. 211). The time occupied 
whilst the stages above represented were passed through was about three hours. 



and of the cell. In the resting condition of the cell the attraction-sphere and central 
particle are single, but they undergo division at the commencement of karyokinesis 
(Boveri). Attraction-spheres and pole-corpuscles have also been described by 
Flemming in the white blood-corpuscle, and are probably of constant occurrence. 

The karyokinetic process has been watched in actual progress in all its stages by 
more than one observer. The time occupied varies in different animals from half 
an hour to three hours. Observed thus in the living cell (fig. 220) it is not possible 
to follow out all the details of the process, which have only been elucidated in tissues 
the cells of which have been fixed by appropriate haixlening reagents and afterwards 
stained. 

The number of the chromatin filaments or chromosomes varies in different animal- 
and plant-cells from 2 (Ascaris megalocephala) to 24 (Salamandra maculosa) or 
more. It is probably constant, or nearly so, in the same species, but may be very 
different even in allied species. In the division of the spermatogenic cells of the 
testicle to form the spermatoblasts or young spermatozoa, the final separation of the 
chromosomes into the daughter-nuclei takes place without the occurrence of a 
corresponding longitudinal cleavage ; the result of this^ is that the spermatoblasts 
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contain only half the usual number of chromosomes, consequently the male pro- 
nucleus, which is formed from the nucleus of the spermatoblast (head of the 
spermatozoon), also is formed by one half the usual number. The same is the 
case with the female pronucleus which has parted with one half its total number 
of chromosomes in extruding the second dilutive corpuscle, so that the blending 
of the male and female pronuclei restores to the ovum its full number of chro- 
mosomes, and since in the division of this and in all subsequent processes of division, 
the chromosomes split and pass half inco the one and half into the other daughter- 
nucleus, the number of chromosomes is constant for all the resulting cells of the 
organism. 

The two daughter-cells are each at first smaller than the mother-cell, but they 
soon grow, and the process may recommence and be repeated in them, and in this 
way cell-multiplication maybe exceedingly rapid. The cells, as is most generally the 
case, may become entirely separated, but in some cases they remain in partial 




Fig. 221. — ^MULTIKUCLEATBD OBLLS FROM THB HARROW. HlQHLT MAGNIFIED. (E.A.S.) 

a, a large ceU the nucleus of which appears to be partly divided into three by constrictions ; ft, a 
cell the enlarged nucleus of which shows an appearance of being constricted into a number of smaller 
nuclei ; c, a so-called KiAnt-cell with many nuclei ; d, a smaller cell with three nuclei ; e — i, other 
cells of the marrow. 

conjunction, united by filaments of protoplasm which vary in number, length, and 
thickness. 

Sometimes, a multiplication of nuclei within a cell occurs without immediate 
separation into new cells, as in the large cells which are found in the medullary 
cavities of bone (fig. 221). 

Instances have been observed out of the body in which the amoeboid movements 
of the protoplasm seem to have produced cell-division (Klein, Ranvier), but this 
occurrence is seldom, and most likely abnormal ; indeed, it is found, as a general 
rule, that whilst cell-division is proceeding, the external manifestations of activity 
of cell-protoplasm cease almost entirely. 

The following are the more important phases of change of the chromoplasmic 
filaments put in tabular form : — 

Network ob Reticulum l. Resting condition of mother-nucleus. 

( 2. Close skein of fine convoluted filaments. 
Skein or Spibem ^3. Open skein of thicker filaments. Achromatic spindle 

( seen within nucleus. 

Cleavage 4. Movement towards middle of nucleus, and cleavage 

of filaments (which are usually V-shaped). 

Stab ob Monasteb 5. Stellate arranprement of V-filaments in equator of spindle. 

Divergence ob Metakinesis 6. Separation of cleft filaments, and movement along fibres 

of spindle. 
Double Stab ob Dyasteb... 7. Conveyance of V-filamenta towards poles of spindle. 
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Nbtwobk OB Bbticulum ... 10. Besting condition of daughter nuclei 

Historical.' — The existence of utricles or saccules enclosed by a membrane was recognized 
in the tissues of plants as long ago as the latter half of the 17th century (by Hooke, 
Malpighi, Grew, and Leeuwenhoek), and a nucleus was noticed and described by Fontana 
about a century later. At the beginning of the present century, the cellular constitution of 
plants was further studied and described by Mirbel and Turpin ; but it was not until the 
third decade of the century that the improvements which had taken place in the microscope 
led to the general reoognition of the fact that, amongst plants at least, the higher organisms are 
entirely composed of cells, each of which is essentially formed of a membrane enclosing celU 
contents and contains a nucleus (R. Brown, Schleiden, 1831 — 1838). This generalization was 
extended to the animal tissues by Schwann, in a remarkable work published in German in 
1889 (Microscopical Besearohes into the Accordance in the Structure and Growth of Animals 
and Plants. Sydenham Society's Translation, 1847), in which he further showed that in all 
probability every cell is derived from a pre-existing cell. 

The researches of Schwann were so widely extended and the evidence he adduced was so 
conclusive that his ideas, under the name of the " cell-theory " still remain as the accepted 
doctrine of the constitution of plant and animal organisms. The term protoplasm was applied 
by Purkinje to the substance of animal cells in 1840, but first came into extensive use after 
its employment by v. Mohl, in 1846, who applied it to the living substance of the plant^oeU. 
The material itself, with all its most prominent characteristics as displayed in Infusoria, was 
however described, in 1835, under the name of *' saroode," by Dujardin, the accuracy of whose 
description has, it will be seen, left but little for subsequent observers to add : — " I propose 
to name mrrode that which other observers have termed a living jelly, a substance glutinous, 
diaphanous, homogeneous, refracting light a little more than water, but much less than oil, 
extensible and ropy Uke. mucus, elastic and contractile, susceptible of spontaneously forming 
within itself spherical cavities or vacuoles which become occupied by the surrounding liquid 

Sarcode is insoluble in water, but is eventually decomposed by it, leaving a 

granular residuum. Potash does not dissolve it suddenly like mucus or albumen, and seems 
simply to hasten its decomposition by water ; nitric acid and alcohol immediately coagulate it 

and render it white and opaque The most simple animals, such as amcebas and 

. monads, are entirely composed, at least to all appearance, of this living jelly. In higher 
infusoria it is enclosed in a loose integument which looks like a network on its surface 

Sarcode is found in ova, zoophytes, worms, and in other animals ; but it is here 

capable of assuming with age a degree of organization more complex than in animals at the 

bottom of the scale Sarcode is without visible organs and has no appearance of 

oellularity ; but it is nevertheless organized, for it emits various prolongations along which 
granules pass and which are alternately extended and retracted : in one word, it possesses 
*life.'" 

Gradually, both in plants as well as in the lower animals, it came to be generally recog- 
. nized that the sarpode of Dujardin and the protoplasm of v. Mohl are endowed with similar 
attributes, and a cell was defined as composed of structureless protoplasm, endowed with 
irritability and contractility, containing a nucleus and enclosed by a cell-membrane. That 
a cell-membrane is, however, not an essential character and is often absent, especially in 
animal cells, was shown by Leydig (in 1856), and was especially emphasized by M. Schultze 
and by Briicke (in 1861). Even at the present time the definition of a cell proposed by 
Leydig still holds good — " a mass of protoplasm furnished with a nucleus." 

Up to 1865 protoplasm was universally held to be homogeneous and structureless. 
Attention was dravm by Frommann, however, to a fibrillar structure in the protoplasm of 
many cells, and such structure was regarded by him as of universal occurrence. This view 
was somewhat later expanded by Heitzmann, Klein, and others, who described a reticular 
structure as occurring in all pi^toplasm, but it was by no means certain that the structure 
described might not have been produced by the reagents whidi were employed to exhibit it ; 
for it must be borne in mind that precisely such a reticulum as is exhibited In protoplasm 
which has been treated with alcohol or chromic acid can be equally well produced in solutions 
. containing albumen or .mucus. Nevertheless, it is the opinion of many histologists at 
the present day who have given special attention to the subject.(Leydig, Kupfifer, Flcmming, 
Camoy) that protoplasm invariably contains a reticulum, although others, and probably 
a smaller number, still regard the reticular or spongy structure as non-essential to its 
constitution (Kollmann, Strasburger, Schwartz). The reticular structure "of the nucleus, 
although it had been previously described by various observers, was for the most part regarded 
as merely a localized and specialized part of the general oell-reticulum. The existence azMl 

' The following account is mainly derived from the "Histoire de. la Cellule/' given by Camoy 
(Biologie Gellalaire» Fascicule 1, 1884). 
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independence of the nuclear network, and the distinotion of the nuclear substance with 
chromatic and achromatic material was demonstrated by Flemming in 1879. The changes 
which are characteristic of karyokinesis have since been studied and described by Strasburger 
and others in plants, by Flemming, Klein, Arnold, Babl, Camoy, y. Beneden, Boveri, and many 
others in animal cells.^ 
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THE JaPlTH^ll.TATi TISSUES. 

An epithelium is a tissue which is csomposed entirely of cells with a compara- 
tively small amount of intercellular, substance. It usually takes the form of a 
membrane covering the free surfaces of the body. Thus it is well known, that 
when the skin is blistered, a thin, and nearly transparent membrane, named the 
cuticle or epidermis, is raised from its surface. In like manner a transparent film, 
similar in nature to the epidermis, may be raised from the lining membrane of the 
lips and mouth, in which situation it first received the name of *' epithelium ; '^ and 
under the latter appellation, a coating of the same kind exists on nearly all free 
surfaces and membranes of the body.^ 

The following are the most important situations in which a covering or lining of 
epithelial tissue is found : viz;, 1. On the surface of the skin. 2. On mucous mem- 
branes ; a class of membranes to be afterwards described, which line those internal 
cavities and passages of the body that open exteriorly, — ^viz., the alimentary canal, 
the lachrymal, nasal, tympanic, respiratory, urinary, and genital passages ; as well 
as the various glandular recesses and ducts of glands, which open into these passages 
or upon the surface of the skin.^ 8. Lining the ventricles of the brain and the 
central canal of the spinal cord. 4. In the organs of special sense where the cells 
are often greatly moc^fied and receive the endings of the nerves of special sense. 
5. On the inner or free surface of serous membranes, which line the wdls of closed 
cavities in the chest, abdomen, and other parts, and on the inner surface of the 
heart, blood-vessels and lymphatics. In these situations the epithelial lining has 
received the name of endothelium (His). 

In many parts of the connectiye tisstie the oellB of that tissue are flattened out and 
arranged close together, edge to edge, in such a manner as to f oi-m a membrane of cells, which 
80 far would come under the definition of the term epithelium. But the cells in question 
exhibit every transition to the other cells of the connective tissue, so that their enumeration 
under epithelium would create an artificial separation between cells of the same elementary 
4(iB8ue. They may, however, be conveniently described as epitheliTim-like (epithelioid). Many 
histologists are of opinion that a similar distinction should be made for the epithelium of 
the serous membranes and of the vessels, because these are developed within the mesoblast, 
and it is the following up of this idea which has led to the adoption of the word 
*' endothelium " to express an epithelium so derived. But, if every epithelium which originates 
In the mesoblast is to be so designated, we shaU be compelled to separate from the other epithelial 
tissues, with which they are in every way closely allied, the epithelia of the renal, and of the 
generative organs, since these appear to be derived from the same 'layer of cells. And 
indeed, since it has been shown in several instances amongst both invertebrates and vertebrates, 
that the epithelium of the serous cavities, and even that of the heart, is directly derived 
from an undoubtedly epithelial layer — the entoderm — it is probable that this is the original 
and typical mode of origin of all the so-called endothelia, although it has become obscured 
in the development of higher vertebrates. 

Stmotnre of epithelial tissue in general. — Every epithelial tissue is 
formed entirely of cells united together by cohesive matter, often in too small 
quantity to be apparent without the employment of nitrate of silver staining. The 
layer or layers thus formed take the shape of the surface to which they are applied, 
following accurately all its eminences and depressions. As a rule no blood-vessels 

^ The term " epithelia,'* which has passed into "epithelium,** was introduced by Enysch to desig- 
nate the caticTilar covering on the red part of the lips. The word ** epidermis " he considered inappro- 
priate, as the subjacent surface is not skin {derma) ; but, as i# is beset with papillae, be named the 
covering layer " epi-thelia,*' from fir« and ftjAij, a nipple or papilla. The use of the term has, by a not 
nnusual license been extended so as to signify the same kind of coating when it spreads over non- 
papillary surfaces. 

^ The hairs and nails and the enamel of the teeth, as the study of their development shows, 
are also undoubtedly of epithelial origin, but in the cane of the enamel and in a lesser degree of the hairs, 
they have become so spedalized that their epithelial structure is scarcely longer recognisable. 
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penetrate into epithelial tissue, although in some cases minute channels may exist 
between the cells into which the plasma of the blood, derived from the blood-vessels 
of the subjacent connective tissue, may pass for the nutrition of the epithelium-cells. 

Nerves are abundant in many epithelia, the nervous fibrils passing in the form 
of fine varicose filaments among the epithelium-cells. 

In certain situations branched '^ migratory cells '' which may contain pigment lie 
in the intercellular substance of an epithelium. 

Epithelium-cells vary in structure as well as in shape, and some of these differ- 
ences will be mentioned in speaking of the varieties of epithelium. The nucleus 
varies, however, far less than the rest of the cell : in most cases it has an intra- 
nuclear network and one or more nucleoli. In the division of epithelium-cells, it 
undergoes the changes which have already been described. 

Clasnflcation of epithelia. — The varieties of epithelium may be classified in 
various ways, but none perhaps are altogether satisfactory. Thus we may dis- 
tinguish an epithelium according to its origin, as epiblastic, mesoblastic, or 
hypoblastic, and this distinction is partially indicated when a separate term 
(endothelium) is used to denote mesoblastic epithelium. Or again, the epithelia 
may be classed according to their function, and in this way we distinguish between 
the protective, the secreting, the ciliated, and the sense-epithelia. But without 
failing to recognize that these modes of classification have a certain amount of 
importance, it will be most convenient here to follow the prevalent custom, 
and to classify the varieties of epithelium-cells according to their shape and 
arrangement. 

In the first place we may distinguish an epithelium which is composed of only a 
single layer of cells as a siinpU epithelium in contra-distinction to a stratified epi- 
thelium, in which the layers of cells are numerous. Where, on the other hand, the 
cells are in more than a single layer, but the two or three layers dove-tail the one 
into the other, so that the structure is not distinctly stratified, the term transitional 
may be employed. 

Stratified epithelium. — In a stratified epithelium the cells are disposed 
in a number of layers, and it is commonly found that the constituent cells of the 
various strata exhibit every variety of shape. As a rule the cells of the deepest or 




Fig. 222. — Sbction of thx stratifikp spn;HKLinM coYSRiira thr front of thb cornka of the kti. 

Highly maqnifibd. (E. A. S.) 

c, lowermost columnar cells ; p, polygonal cella above these ; ^, flattened cells near the surface. The 
intercellular channels bridged by minute processes of the cell, are well seen. The low^er part cf the 
section on the right is somewhat broken. 

attached layer are columnar (fig. 222, c), and the superficial cells are flattened scales 
(fig. 222,/) which may be of considerable size, but which do not, like the cells of pave- 
ment or simple scaly epithelium, fit together by their edges, but, on the contrary, over- 
lap one another (fig. 223). The cells of the layers immediately external to the columnar 
layer are rounded in shape or at least only so far modified as to enable them to fit 
to the columnar cells and to one another (fig. 222, p) ; but as we trace the strata 
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towards the gurface^ we find the component cells becoming more flattened and 
larger, whilst at the same time undergoing a change in their chemical constitution, 
so that at first the external part, and afterwards the whole of the protoplasm of 
the cell, is converted into homy substance, even the nucleus being at last involved. 

The conversion into homy substance is in many instances preceded by the 
deposit of a granular material within the cells, which is termed eleidm (Ranvier) or 
keratohyalin (Waldeyer). In the epidermis and some other parts the cells which 
contain this granular material form an almost complete layer between the soft, still 
protoplasmic, deeper cells and the superficial homy stratum (fig. 224). The layer is 
termed stratum granulosum and was described by Langerhans. 

The deeper protoplasmic cells of a stratified epithelium are continually multi- 
plying by cell-division, and, as the new cells which are thus produced in the deeper 
parts increase in size, they compress and push outwards those previously formed. 
In this way cells which were at first deeply seated, become gradually shifted 
towards the surface, undergoing meanwhile the chemical change above spoken of. 
The older superficial cells are continually being removed by abrasion, while others 
rise up to supply their place. 

InterceUnlar bridges and chaimeLi. — The deeper layers of a stratified epi- 
thelium are not closely applied to one another by their edges, but there exists a 
system of intercellular channels, which are bridged across by fibres which run from 
one cell to the other (see figs. 222, 22^^). When the cells are isolated, the fibres are 





Fig. 223. — EpiTHKLIUM-SCALEa FitOH THE IK8IDK OF THE MOUTH ; MAONIPISD 260 DIAMETEES. (Henle.) 

Fig. 224. — ^Portion of epidermis from a section of the skin of the finger, ooloursd with 

PiGROGARMiNB. (Ranvier.) 
a hornj layer ; 6, its deei>e8t part (stratum lucidum) with flakes of eleidin ; c, eleidin granules in cells 
of stratum granulosum ; d, deeper cells of stratum mucosum with intercellular channels ; e, dentations 
by which the deepest cells are tixed to the surface of the cutis vera. 

broken through and appear as spikes or dentations on the surface and edges of the 
cells {hg, 225). Sometimes the intercellular channels become widened in consequence 
of an excess of fluid accumulating in them, but usually they are very narrow and 
but little obvious. 

The spikes and ridges upon the deeper cells of a stratified epithelium were first noticed by 
Ifaz Schultze, who was of opinion that they were for the purpose of effecting, by indenting 
with those on adjoining cells, a firmer connexion between the cells of the epithelium. The 
true relations of the structures in question, and the intercellular channels which are bridged 
across by them, were discovered by Bizzozero. The researches of J. Arnold and of Thoma 
have shown that similar interceUular channels occur extensiyely in all varietieB of epitheliaiD. 
The fibrils which bridge across the intercellular spaces are described by Ranvier as passing 
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through the protoplasm of the cells. According to Aam6ii y Cajal, they are covered by a proi- 
longation of cell- membrane. A similar view is taken by Ide, who describes the cell-membrane 
as reticulated. A radiating system of fibrils has also been shown to occur in the flattened 
epithelium oells which cover the posterior surface of the cornea, and in this case also the 
fibrils traverse the intercellular spaces, passing from one cell into another. 

Stratified scaly epithelium occnrs in one of its simplest and most typical forms 
covering the anterior surface of the cornea of the eye (fig. 222). It is found also 
lining the mouth, the chief part of the pharynx, and the oesophagus, and in the 
female it lines the yagina and part of the 
cervix uteri, but its most extensive distri- 
bution is over the surface of the skin, where 
it forms the epidermis. In many parts 
of the epidermis the layers become very 
numerouSy and their arrangement some- 
what complicated, as will be noticed in the 
description of the skin. It may be remarked 
that, in most of the situations where it is 
found, stratified scaly epithelium is of 
epiblastic origin, but this is by no means 
invariably the case and its occurrence depends much more upon the physiological 
conditions of the parts which it covers. Thus, wherever a surface is liable to undergo 
friction or abrasion, there we find a development of stratified scaly epithelium. 
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Fig. 225. — Two **priokle-oklls" fbom the 

DEBPKB PART OF THE EPIDERMIS. (Banvier.) 

d, space around the nacleas, probably caused 
by sluiuking of the latter. 




Fig. 226. — Section of the transitional epithslium Liimra the bladder. (E. A. S.) 
a, superficial ; h, intermediate ; and c, deep layer of ceUs. 

Transitional epithe- 

linm.^Epithelium to which 
the term transitional may be 
applied, as being in a sense 
intermediate between those 
forms which consist of but a 
single layer of cells and the 
stratified which we have just 
described, may be classed 
under the three heads of 
columnar, ciliated, and scaly 
transitional, according to the 

Fig. 227.— Epithelial cells from the bladder of the babbit. Highly magnified. (Klein.) 
a, large flattened cell from the superficial layer, with two nuclei, and with strongly marked ridges and 
interreniog depressions on its under surface ; a', one of the same ceUs shown in profile ; 6, pear-shaped 
ceU of the second layer showing the manner in which it is adapted to a depression on the superficial cell. 

kind of cell in each which happens to be most prominent or superficial. The 
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columnar and ciliated transitional epithelia diflfer, however, so very slightly from the 
corresponding simple epithelia — viz., merely in the presence between the fixed ends 
of the columnar and ciliated cells of smaller and probably younger epithelium cells 
irregularly disposed-r-that they do not seem to merit any special description. But 
the scaly transitional epithelium which is met with lining the urinary bladder and 
ureters presents several peculiarities. It consists of three or four layers of cells, of 
which the inner or most superficial are large flattened scenes when examined from 
the distended bladder (fig. 227, a) ; almost cubical in shape when taken from the 
collapsed organ ; smooth over their free surface, but pitted on the opposite side, 
being moulded over the rounded ends of the cells which form the next layer. 
These are pyriform, and the smaller end of the pear is set upon the subjacent 
connective tissue, whilst the larger end has the position just mentioned (fig. 227). 
Filling up the intervals between these tapering cells are die smaller irregular cells 
of the third layer (fig. 226, c). All these cells have distinct nuclei, and in the flattened 
superficial cells two nuclei may often be seen in the cell. If this is an indication 
that the cell is about to divide, the mode of growth of this kind of epithelium must 
be different from that of the stratified scaly variety, in which the multiplication of 
the cells appears to take place exclusively in the deeper layers. 





Fig. 228. — Pavrmsnt spithkuum, scbaped fbox a serous xbmbranb. 
a, ceU-body ; 6, nucleus ; c, nucleoIL (Henle.) 

Fig. 229. — Patembmt epithelium (endotheuum) fbox the omentum of the babbit. 

NiTBATB OF SILVBB STAIBINa. (E. A. S.) 

Pavement epitheHiim. — In this the cells form polygonal plates or scales, which 
fit together by their edges like the tiles of a mosaic pavement. The lines of 
junction of the cells may be straight, or they may be more or less jagged or sinuous. 
The flattened mesoblastic epithelia (endothelia), such as the epithelium of serous 
membranes and of the vessels and that lining the anterior chamber of the eye belong 
to this variety, but it includes also the epithelium lining the alveoli of the lungs 
which is of hypoblastic origin ; that covering the outer surface of the membrana 
tympani, and that lining the mammary ducts, both of which are epiblastic. 

Columnar epithelium.— A second variety of simple epitheUum is the columnar, 



COLUMNAR EPITHELIUM. 



199 



or cylmder-epiffielium, in which the cells have a prismatic figure, and are set upright 
on the surface which they cover. In profile a row of these cells looks for the 
most part like a close palisade (fig. 231) ; but viewed from the surface each cell has 
a polygonal outline, the cells being flattened where they touch, from mutual com- 
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Fig. 230. — Columnar epitheliux oklls of thk rabbit's intbstihb. (E. A. S.) 

The ceUs have been isolated after maoeration in very weak chromic acid. The protopUam is retiealar 
and vacaoUted ; the striated border {atr.) is well seen, and the bright disc separating this from the cell- 
protoplasm ; n, nucleus with intranuclear network ; a, a thinned out wing-like projection of the cell 
which probably fitted between two adjacent cells. 

Fig. 231.— A ROW OF OOLUXKAR CELLS FROM AN INTRSTIVAL VILLUS OF THl RABBIT. (E. A. S.) 

str, striated border ; to, wander-cells between the epithelium cells. - 

pression, so that thus again a mosaic pattern is produced. Columnar epithelium- 
ceUs vary much in form, in dimensions, and even in structure. Those which may 
be looked upon as typical are of a long tapering figure, the finer extremity being set 
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Fig. 232. — Cross-section of a villus of the intestine. (E. A. S.) 

e, columnar epithelium with striated border ; 47, goblet cell, with its mucus partly extended ; l, 
lymph -corpuscles between the epithelium-cells ; 5, basement membrane ; c, sections of blood capillaries ; 
m, section of plain muscular fibres ; c. 2., central lacteal. 

Fig. 233. — GOBLET-OELL FROM TRACHEA. HlQHLT MAGNIFIED. (Klein.) 

upon a surface, and the other and larger end being free. At their sides and edges 
the columnar cells are often irregular and jagged, especially where, as is often the 
case, lymphoid or wander-cells are met with between the epithelium-cells 
(fig. 231, w). Indeed the cells are not by any means so regular in shape as they are 
often figured, being often compressed laterally, and sometimes extended sideways 
into flattened lamellae (fig. 230, a), which fit between the adjacent cells of the epithe- 
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liiim. There is always a distinct Oval nucleus which contains a network of chromato- 
plasm. The nucleus may cause a bulging in the part of the cell in which it is 
situated, and the nuclei of adjacent cells are on this account often seated in different 
planes. The substance of the cell usually appears granular, but on closer inspection 
with higher powers it may be seen that the granular appearance is caused by vacuo- 
lation and reticulation of the protoplasm. The cell may contain fatty globules and 
other substances, among which the most deserving of mention is mucin, the chief 
organic constituent of mucus. The mucin (or mucigen) usually takes the form of a 
granular deposit within the cell, especially in the part nearest the free border ; when 
fully formed the granules swell, and their substance escapes in the form of mucus ; 
the nucleus is often pressed down towards the finer extremity of the cell. Columnar 
epithelium cells which are thus altered by distension of the outer or free part of the 
cell by mucus are termed from their shape " goblet or chalice cells " (figs. 282, 283). 

In typical columnar epithe- 
lium cells, such as those lining 
the mucous membrane of the 
small intestine, the free border 
differs from the rest of the cell 
in being more refracting and 
finely striated. This striated 
border of the cell (figs. 280 and 
231, str.) is often spoken of as the 
cuticular layer, and it is thereby 
assumed that it is composed of 





Fig. 234. — ISOLATSD CELLS FROM THE CONVOLUTED TUBULES OF THE RAT*S KIDKBT. (Heidenhain). 

Fig. 235. — Sectiok of a bacehose gland, showinq the comhekobment of a duct in the alveoli. 
Magnified 425 diaketees. (E. A. S.) 

a, one of the alveoli, several of which are in the section shown grouped around the commencement of 
the dact, d' ; a\ an alveolas, not opened by the section ; 6, basement membrane in section ; c, interstitial 
connective tissue of the gland ; d^ section of a duct which has passed away from its alveoli, and is now 
lined with characteristically-striated columnar cells ; «, semUunar group of darkly-stained cells at the 
periphery of an alveolus. 

something different from the cell-protoplasm. The border does not however, appear 
to offer a greater resistance than does the cell-protoplasm to the action of reagents, 
for those which destroy the protoplasm of the cell destroy also the striated border. 
After having been hardened by reagents it may be detached from the rest of the 
cell, and since the striated free borders of adjacent cells often adhere together, 
a continuous membrane may thus be obtained, marked by a mosaic of fine 
lines indicating the division between the cells from which this **cuticula" has 
become detached. The fine strisB appear to be caused by the existence of 
fibrils or septa (perhaps spongioplasmic). The striated cuticula is not imme- 
diately in contact with the protoplasm of the cell, but is separated from it by a 
thin disk composed of a substance which refracts the light even more than the striated 
border. This disk (shown in fig. 230) corresponds in situation to the bright border of 
the ciliated epithelium cells (see below), and it is possible that the striated border is 
the morphological equivalent of the bunch of cilia upon those cells. Columnar epithe- 
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linm- cells are met with in their most characteristic form lining the mncous membrane 
of the intestines. 

Some columnar epithelium-cells are very long, others very short, so as to look 
cnbical when seen in profile. They vary in form, moreover, according to the shape 
of the surface which they cover, thus they may be larger at the base than at the 
free end, as when they line a tube or duct, and in a section of this they then 
appear wedge-shaped. 

Some epithelium cells, which must be reckoned in with this variety, have a peculiar 
striated aspect in the basal or fixed half of the cell. This is the case with the cells 
which line the smaller ducts of the salivary glands and some of the tubules of the 
kidney (fig. 284 and fig. 235, d). 

In the human subject, columnar epithelium is chiefly, but by no means exclu- 
sively, derived from the hypoblast. 

Olandiilar epitlieliiim. — ^This variety of epithelium is chiefly characteristic 
of the terminal recesses or alveoli of secreting glands. In form the cells are 
columnar, cubical, polyhedral or spheroidal, and are usually set round a tubular or 
saccular cavity, into which the secretion is poured (fig. 235, a). The protoplasm 
of the cells is generally occupied by the materials which the 
gland secretes. This epithelium wiU be more fully described 
in the chapter on secreting glands. 

Ciliated epitheUnm. — In this form of epithelium, the 
cells, which are generally colunmar, bear at their free 

Fig. 236. — CoLUXHAB ciliated epithxuum cells from the humak 
VASAL xembbakb; jCAQifiviED 300 DIAMETERS. (Shaipey. ) 

extremities little hair-like processes, which are agitated in- 
cessantly during life, and for some time after systemic death, 
with a lashing or vibrating motion. These minute and delicate moving organs 
are named cilia. They exist very extensively throughout the animal kingdom ; 
and the movements which they produce are subservient to very varied purposes in 
the animal economy. 

Distribution and use. — In the human body ciliated epithelium occurs in the 
following parts, viz : — 1. On the mucous membrane of the air-passages and its pro- 
longations. It commences at a little distance within the nostrils, covers the mem- 
brane of the nose (except the proper olfactory part) and of the adjoining bony sinuses, 
and extends up into the nasal duct and lachrymal sac. From the nose it spreads 
backwards a certain way on the upper surface of the soft palate, and over the upper 
or nasal region of the pharynx ; thence along the Eustachian tube and lining 
membrane of the tympanum, of which it covers the greater part. The lower part 
of the pharynx is covered by scaly epithelium ; but the ciliated epithelium begins 
again in the larynx a little above the glottis, and continues throughout the trachea 
and the bronchial tubes in the lungs to their smallest ramifications. Over the vocal 
cords, however, the epithelium is of the stratified scaly variety. 2. On the mucous 
lining and in the glands of the body of the uterus and extending along the Fallopian 
tubes, even to the peritoneal surface of the latter at their fimbriated extremities. 
3. In the testicle lining the vasa efferentia, coni vasculosi, and first part of the tube 
of the epididymis. 4. Lining the ventricles of the brain, except the fifth ventricle, 
and throughout the central canal of the spinal cord. 5. In the excretory ducts of 
certain small racemose glands of various parts (tongue, pharynx, &c.) 6. In the 
embryo, lining the oesophagus and parts of the stomach and extending also over the 
whole of the pharynx.* 

^ Cilia have also been described in some mammals at the commencement of the tubules of the kidney 
(Klein), a situation where in lower vertebrates they have long been known to ezisth 
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In other mammiferous animalSy as far as examined, cilia have been found in 
nearly the same parts. To see them in motion^ a portion of epithelium may be 
scraped off any ciliated mucous membrane and examined in a drop of weak solution 
of salt (0*6 per cent.) or serum of blood. When it is now viewed with a magnifying 
power of 200 diameters or upwards, a very obvious agitation will be perceived at 
the edge of the detached piece of epithelium ; this appearance is caused by the 
moving cilia, with which the surface of the membrane is covered. Being set close 
together, and moving simultaneously or in quick succession, the cilia, when in brisk 
action, give rise to the appearance of a bright transparent fringe along the margin 
of the membrane, agitated by such a rapid and incessant motion, that the single 
threads which compose it cannot be perceived. The motion here meant, is that of 
the cilia themselves ; but they also set in motion the adjoining fluid, driving it along 
the ciliated surface, as is indicated by the agitation of any little particles that may 
accidentally float in it. The fact of the conveyance of fluids and other matters along 
the ciliated surface, as well as the direction in which they are impelled, may also be 
made manifest by immersing the membrane in fluid, and dropping on it some finely- 
pulverised substance (such as charcoal in fine powder), which will be slowly bub 
steadily carried along in a constant and determinate direction ; and this may be seen 
with the naked eye, or with the aid of a lens of low power (Sharpey). 

Cilia have been shown to exist in almost every class of animals, from the highest 
to the towest.^ The immediate purpose which they serve is, to impel matter, 
generally more or less fiuid, along the surfaces on which they are attached ; or, to 
propel through a liquid medium the ciliated bodies of minute animals, or other small 
objects which are provided with cilia ; as is the case with many infusorial animal- 
cules, in which the cilia serve as organs of locomotion like the fins of larger aquatic 
animals. In many of the lower tribes of aquatic animals, cilia acquire a high 
degree of importance : producing the flow of water over the surface of their organs of 
respiration, indispensable to the exercise of that function ; enabling the animals to 
seize their prey, or swallow their food, and performing various other offices of 
greater or less importance in their economy. In man and the warm-blooded 
animals, their use is apparently to impel secreted fluids or other matters along the 
ciliated sur&oe, as, for example, the mucus of the wind-pipe and nasal sinuses, which 
they carry towards the outlet of these cavities. 

Stmoture. — The cells of a ciliated epithelium contain oval nuclei, exhibiting 
for the most part a distinct intra-nuclear network, and one or more bright 
nucleoli. Viewed with a moderate magnifying power, their protoplasm looks 
granular, although the free border of the cell through which the cilia pass 
presents a clear aspect (fig. 286). The cells have most generally an elongated form, 
like the particles of the columnar epithelium, which they resemble too in arrange- 
ment, but they are often of greater length and more pointed at their lower end ; 
and this is not unfrequently irregularly forked in those parts where a deeper layer 
of cells exists below the ciliated cells (fig. 287). The cilia are attached to their 
broad or superficial end, each cell bearing a tuft of these minute hair-like processes. 
In some cases, the cells are shorter and cubical in figure, and when completely 
detached may appear spheroidal. 

It has been shown by Engelmann that in large ciliated cells (fig. 288) such as 
those which line the alimentary canal of some mollusks, e.g., the mussel and oyster, 
it is possible to make out that the highly refracting free border of the cell to which 
the cilia are attached is in reality formed of a number of small juxtaposed fusiform 
or cylindrical knobs (basal ktiobs). To each of these a cilium is attached on the 
one side, and from the other end there passes towards the end of the cell a fine, 

^ The Arthropoda pffer a smgalar exception, and it is remarkable that in many of them the 8i>ermatoaEoa 
are also devoid of a vibratile filament. 
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varicose filament ; these filaments are termed by Engelmann the rootlets of the cilia. 
They approach one another as they traverse the length of the cell, and may be 
united towards the extremity into a single thread. They are not connected with 
the nucleus. The cilia ai^ attached to the basal knobs, each one by a somewhat 
narrowed portion or neck {intermediate segment of Engelmann). It is here 
that the cilia usually break off from the cell (see fig. 238). Beyond the neck 
the cilium swells out into a small bulbous enlargement, and from this the shaft 
tapers gradually to its extremity. The rootlets, as well as the cilia themselves, are 
said by Engelmann to be doubly refracting (anisotropous), whereas the basal knob 




Fig. 237.--CILUTED BPITHELIUX CELLS FROM THE 
TEACHEA OF THE SABBIT ; HIQHLT MAOMIFIED, 
(E. A. S.). 

m\ m\ m\ mucus-secreting cells, lying between 
the ciliated cells, and seen in various stages of 
mncin-fonnation. 



Fig. 238. — A CIUATED epitbeliuh-obll 
OF A HOLLUSK. (Eugeliuanu. ) 



is isotropous. A similar structure, although 
less distinct, \i8 also to be made out in 
ciliated cells from higher animals (frog and 
mammal). 

The columnar ciliated epithelium may 
exist as a simple layer, as in the uterus and 
Fallopian tubes, the finest ramifications 
of the bronchia, and the central canal 
of the spinal cord and ventricles of the 
brain ; but in various other parts — as the 

nose, pharynx, Eustachian tube, the trachea and its larger divisions— there is a 
layer of elongated and irregular cells beneath the superficial ciliated range, filling 
up the spaces between the pointed and forked extremities of the latter. These cells 
have been supposed to acquire cilia, and take the place of ciliated cells which 
are cast off ; but this is doubtful, and they appear rather to be concerned with 
the secretion of mucus, since mucigen occurs within them in all stages of formation, 
and they become eventually distended by it into goblet-cclls (see fig. 237, where the 
intermediate cells, m\ m^ and m^ show three stages of formation of mucus). 

When the ciliated epithelium is artificially removed from a portion of the inner surface of 
the rabbit's trachea, the denuded surface speedily becomes agrain covered with epithelium, 
which grows over it from the edge, but the cells form at first a single layer of flattened 
epithelium. They next acquire cilia, and afterwards become columnar, the epithelium thus 
anflnTning the character which it has normally in that situation. 

VOL. I. ^ 
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Thez6 is no reason to believe that ciliated epithelium-cells are in connection either with 
nerve-fibres, or with the cells of the subjacent connective tissue. An anatomical connection 
with subjacent cells and fibres has been described in reference to the columnar ciliated 
epithelium of the central canal of the spinal cord and of the Sylvian aqueduct. But this is 
a most difficult point to determine exactly, and even if such a connection should be proved, 
the cells in the situations above mentioned are entirely different in many respects from 
ordinary ciliated cells. They are relatively slender, and their fixed non-ciliated ends pass into 
branching fibres, which lose themselves in a network which underlies the epithelium, and 
appears to be formed chiefly, if not entirely, by the interlacement of the ramified cell- 
prooesses. These peculiar ciliated cells closely resemble those which constitute the structures 
known as nerve-epithelia in some of the lower invertebrata, and which in some of these 
animals represent the whole central nervous system. 

The cilia themselves diflFer widely in size in different animals, nor are they of 
eqnal size in all parts of the same animal. In the human windpipe they measure 
_^j!^th to TTinyth of an inch in length ; but in many invertebrate animals they are 
much larger than this, and in the human epididymis are from eight to ten times 
longer than in the trachea. 

In figure they have the aspect of slender conical, or slightly flattened filaments ; 
broader at the base, and usudly pointed or rounded at their free extremity. Their 
substance is transparent, soft and flexible. It is to all appearance homogeneous, 
and no fibres, granules, or other indications of definite internal structure, have been 
satisfactorily demonstrated in it. 

The flagellum of Noctiluca, which bears a general resemblance to a large cilium 
and has a similar rhythmic lashing action, is transversely striated, and the cilium 
or tail of a spermatozoon also shows certain indications of structure, but nothing of 
the kind has been observed in ordinary cilia. 

Nature of ciliary movement and influence of TarTlnff oonditiona and reagents. — 
If the cilia be detached from the cell they cease to move, and on this account it is thought by 
some, that the movement is entirely a passive one, caused by movements in the ceU-protoplasm 
acting upon the rootlets of the cilia. But the apparently independent motion of the tails of the 
spermatozoa, which are comparable to long single cilia, and that of the long cilia which are 
protruded from many of the lower animal and plant organisms, has led other authoritiea to 
believe that the movement is due to the contraction of the cilia themselves. 

There is, however, a third mode of explanation of the movements which may be suggested 
and which would have the advantage of bringing them into close relationship with the amceboid 
movements of cell-protoplasm, and, as we shall afterwards see, with the process of contraction 
and extension of muscle. The explanation is briefly as foUows : — If we suppose that a cilium 
is a hollow curved extension of the cell, occupied by hyaloplasm, and invested by a deUcate 
elastic membrane (perhaps an extension of the spongioplasm), then it must foUow that if 
theze be a rhythmic flowing of hyaloplasm from the body of the cell, into and out of the 
cilium, an alternate extension and flexion of that process would thereby be brought about. 
The same result would be got, supposing the cilium to be a straight and not a curved exten- 
sion of the cell, if the enveloping membrane were thicker (or otherwise less extensible) along 
one side than along the other. This last assumption would also enable one the better to 
account for the spiral direction of the movement of certain cilia ; for this form of movement 
would be produced if the line of lessened extensibility in these cilia were to pass in a cork- 
screw fashion along the cilium in place of straight along one side, as assumed for ordinary cUia. 

The cilia vibrate with a frequency of not less than ten times in a second when moving 
actively, but the rate of movement may be much slower than this. The movement of cilia is 
incessant so long as the cells remain alive, but that of spermatozoa often exhibits intervals 
of rest alternating with periods of rhythmic movement. 

The manner in which cilia move, is best seen when they are not acting very briskly. The 
motion of an individual cilium may be compared to that of a carter's whip, the ciUum being 
rapidly flexed in one direction, that of the current which they produce, and returning more 
slowly in the other direction. The motion does not involve the whole ciliated surface at the 
same moment, but is performed by the cilia in regular succession, giving rise to the appearance 
of a series of waves travelling along the surface, like the waves caused by the wind in a field 
of com. When they are in very rapid action the undulation is less obvious, and, as Henle 
remarks, their motion then conveys the idea of swiftly-running water. The undulating move- 
ment may be beautifully seen on the gills of a mussel. The undulations, with some exceptions 
seem always to travel in the same direction on the same parts. The impulsion, also, which 
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the oilia oommmiioate to the fluids or other matters in contact with them, Tnaintains a con- 
stant direction ; unless in certain of the lower animals, in which the motion is often variable 
and arbitrary in direction, and might even be supposed to be voluntary. Thus in the windpipe 
of mammalia, the mucus is conveyed upwards towaids the larynx, and, if a portion of the 
membrane be detached, matters will still be conveyed along the surfiice of the separated 
fragment in the same direction relatively to that surface, as before its separation. 

The persistence of the ciliary motion for some time after death, and the regularity with 
which it goes on in parts separated from the rest of the body, sufficiently prove that, with the 
possible exceptions alluded to, it is not under the influence of the will of the animal, nor 
dependent for its production on the nervous centres, and it does not appear to be influenced in 
any way by stimulation or sudden destruction of these centres. The time during which it 
continues after death or 8ei>aration differs in different kinds of animals, and is also materially 
influenced by temperature and by the nature of the fluid in contact with the surf aca In 
warm-blooded animals the period varies from two or three hours to two days, or even more ; 
being longer in summer than in the odd of winter. In frogs the motion may continue four 
or five days after destruction of the brain and spinal cord ; and it has been seen in the gullet 
of the tortoise fifteen days after decapitation, continuing seven days after the muscles had 
ceased to be irritable. 

Variations of temperature exert a very marked effect upon the rate and vigour of the 
motion of cilia. Thus, in warm-blooded animals it is altogether stopped if the tempera- 
ture is lowered to 6°G., whereas, in cold-blooded animals, such as the frog and mussel, it goes 
on unimpaired at 0^0. The motion which has become quiescent from cold, may be revived by 
warmth, and becomes more active in proportion to the rise in temperature up to a certain 
point, which differs in warm and cold-blooded animals. In the former, this maximum tem- 
perature is about 45*^0. ; above this the movement quickly ceases, the cilia passing into a 
coagulated stiffened condition, known as heat-rigor, and which, if well marked, is not recovered 
from. The temperature of the body seems to be that which is most favourable to the action 
of the cilia ; that is to say, they will, if removed from the body, work vigorously for a longer 
time at this temperature than at any other. 

Cilia will continue to work for a time in the absence of free oxygen. This was shown by 
Sharpey, who noticed the movement of the cilia upon the gills of the tadpole to proceed for 
some hours, even when immersed in water which had been deprived of its oxygen by boiling. 
This experiment shows that like the substance of muscle, the protoplasm of the ciliated 
epithelium-cell can store up oxygen in a combined form for future use. 

The immediate action of water is to increase the activity of cilia. Agents or conditions, on the 
other hand, which abstract water from the tissue, retard or arrest the action. Thus most of the 
common acid and saline solutions when concentrated arrest the action of cilia instantaneously 
in all animals, but dilution delays this effect, and when carried far enough, prevents it alto- 
gether. Freshwater soon arrests the. motion in marine animals; but it evidently acts by 
destroying the epithelium-ceUs, which in these cases are adapted to a different medium. 
Even in air-breathing and fresh-water animals water has after a time the same action, pro- 
vided the ciliated cells are detached, so that it can pass by imbibition into their protoplasm. 
Solutions of potash or soda, if extremely dilute, act like water, but more powerfully. 
Yirchow observed that a diluted solution of either potash or soda would revive the 
movement of cilia after it had just ceased. The vapour of chloroform arrests ciliary action, 
but the motion revives again if the application of the vapour is discontinued (Lister). 

Carbonic acid gas resembles chloroform in its action, rapidly arresting the movement if 
conveyed over a ciliated surface, but the action speedily recommences on again admitting air. 
The passage of the gas is, however, generally found to stimulate the movement at first. 

Bile stops the action of cilia, while blood prolongs it in vertebrated animals ; but the 
blood or serum of the vertebrata has quite an opposite effect on the cilia of invertebrate 
animals, arresting their motion almost instantaneously. 

It was noticed by Steinbuch that a mechanical stimulus, insufficient to injure the cilia, 
such as that produced by the impulse of a current of fluid, acts markedly in exciting the 
activity of ciliary motion. 

Electric stimulation, unless it causes injury to the ciliated surface, produces no obvious effect. 

Whatever views are entertained concerning the nature and source of the power by which 
the cilia act, it must be borne in mind that each ciliated cell is individually endowed with the 
faculty of producing motion, and that it possesses in itself whatever organic apparatus and 
whatever physical or vital property may be necessary for that end ; for single epithelium cells 
are seen to exhibit the phenomenon long after they have been completely isolated. 

Historical. — Ciliary movement was first noticed (in the mussel) by de Heide in 1688, the 
movements of sperms/U)zoa having been previously discovered by Ham and Leewenhock. Sub- 
sequently the movements were noticed in various situations. A comprehensive account of the 
structure, distribution, and mode of action of cilia was given by Sharpey in the article *' Cilia," 
in Todd and Bowman's CSyclopaedia. That article, which appeared in 1835, was the result of 
much laborious investigation, and still forms the basis of our knowledge on the subject. 

p 2 
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Simnltaneoosly with Sharpey^B article a full description was also given by Pnrkinje and 
Valentin, including an aooonnt of the disooTery of this phenomenon in mammals, birds, and 
reptiles, and of the literature up to that time (De phsenomeno generali et f undamentali motiis 
vibratorii continui, 1885). The account by Engelmann in his article on Protoplasm and 
Ciliary movement^ in Hermann's Handbuch der Physiologic also includes an historical sketch 
of the subject up to 1879. 
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THB OONNECTIVE TISSUES. 

Three principal modifications or varieties of connective tissue have long been 
recognized and separately described, viz., areolar tissue, fibrous tissue and elastic 
tissue. Others, however, belong unmistakeably to the same gronp, as the study of 
their structure and the history of their development in the mesoblast clearly show. 
Of these the most important are adipose tissue, retiform and lymphoid tissue, cartilage, 
horn and the elements of the blood and lymph. It will be convenient to study the 
last-named elements before the structure of the connective tissues proper is considered. 



THB BIiOOD. 

The most striking external character of the blood is its well-known colour, which 
is bright red approaching to scarlet in the arteries, but of a dark purple or modena 
tint in the veins. It is a somewhat clammy and consistent liquid, a little heavier 
than water, its specific gravity being about 1*055 ; it has a saltish taste, a slight 
alkaline reaction, and a peculiar faint odour. 

To the naked eye the blood appears opaque and homogeneous ; but, when 
examined with the microscope, either while within the minute vessels, or when spread 
out into a thin layer upon a piece of glass, it is seen to consist of a transparent 
colourless fluid, named the " lymph of the blood," " liquor sanguinis/' or " plasma," 
and minute solid particles or corpuscles immersed in it. These corpuscles are of two 
kinds, the coloured and the colourless : the former are by far the more abundant, 
and have been long known as " the red particles," or " globules," of the blood ; the 
" colourless," " white," or " pale corpuscles," on the other hand, being fewer in 
number and less conspicuous, were later in being generally recognised. 

When blood is drawn firom the vessels, the liquor sanguinis separates into two 
parts; — into fibrin, which becomes solid* and takes the form of fine interlacing 
filaments, and a pale yellowish liquid named serum. 

In a cubic millimeter of healthy human blood there are on an average 5,000,000 
red corpuscles (Vierordt) and 10,000 white corpuscles. The number of white 
corpuscles varies much more than that of the red, and the proportion of the white to 
the red is variously given at from 1 : 1000 to 1 :250. There are said to be fewer 
red corpuscles in the female (4,500,000 in a cubic millimeter according to Welcker). 

The nnineration of the blood-oorpoBoles is readily performed. A little blood, obtained by 
pricking the finger, is measured in a capillary tube, and is then mixed with a measured amoant 
(say 100 times its volume) of dilute solution of sulphate of soda, or some other salt which will 
Tnaintain its fluidity and at the same time preserve the corpuscles nearly unaltered ; the latter 
can then be counted in a small known quantity of the mixture: This part of the operation is 
effected by placing a drop of the mixture in the middle of a glass *^ cell " of a certain depth 
(say ^th of a millimeter), the bottom of which is ruled in squares, thh sides of which are of a 
known dimension (say again ^ mill.). If now a covering glass is placed over the cell so as to 
touch the drop, the latter will form a layer of the mixture j^ mill, deep, and the part above 
each square vdll represent a cube of liquid the sides of which measure ^ miU. So that by 
counting the number of corpuscles in ten squares, after allowing them time to subside, and 
multiplying the result by 10,000, the number in a cubic millimeter of the blood is obtained. 

The methods of Hayem and Nachet, Gowers, and Thoma are based on the above principle. 
The average results obtained by recent investigators agree closely with the original estimates 
of Vierordt and Welcker. 
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BSD GORFUSaUBS OF THB BIiOOD. 

These are not spherical, as the name " globules," by which they were formerly 
designated, would seem to imply, but flattened or disk-shaped. Those of the human 
blood (fig. 239 and fig. 240, a) have a nearly circular outline, like a piece of coin, and 
most of them also present a shallow cup-like depression or dimple on both surfaces ; 
their usual figure is, therefore, that of biconcave disks. Their magnitude differs 
somewhat even in the same drop of blood, and it has been variously assigned by 
authors ; but the prevalent size may be stated at -y^Vr^th of an inch (-007 to '008 
millimeter)! in diameter, and about one-fourth of that in thickness. A few 
corpuscles may usually be found which are not more than about one half this size 
(microcytes), and others which are rather larger (up to about ygVoth of an inch), and 

Fig. 239.— Human blood as sbbk ob thb wabx 

8TA0B. MaOBIFIBD ABOUT 1000 DIAHBTBRS. 

(E. A. S.) 

r, r, single red corpuscles seen lying flat ; r\ /, 
red corpuscles on their edge and viewwl in profile ; 
r", red corpuscles arranged in rouleaux ; c, c, crenate 
red corpuscles ; p, a finely granular pale corpuscle ; 
ff, a coarsely granular pale corpuscle. Both have 
two or three distinct vacuoles, and were undergoing 
changes of shape at the moment of observation ; in 
f/j a nucleus also is visible. 

every gradation in size between these two 
extremes may be met with, but the great 
majority average yaVij^t ^^ ^^ ^^^h under 
normal conditions. In some diseases, 
especially pernicious anaemia, the relative 
number of microcytes is greatly increased. 

In mammif erous animals generaUy, the red 
corpuscles are shaped as in man, except in the 
camel tribe, in which they have an elliptical 
outline. In birds, reptiles, amphibia, and most fishes, they are oval disks with a central 
elevation on both surfaces (fij?. 240, B, and fig. 245, from the frog), the height and extent of 
which, as well as the proportionate lengrth and breadth of the oval, vary in different 
instances, so that in some fishes the elliptical form is almost shortened into a circle. 

The size of the corpuscles differs greatly in the different classes of Vertebrata ; they are 
largest in the Amphibia. Thus in the frog they are about ^th of an inch long and ^^^th 
broad ; in Proteus anguineus, ^th of an inch long and ^^^th broad ; in Amphiuma tridactylum, 
where they are largest, the red corpuscles are one-third larger than those of the Proteus. In 
birds they range in length from about ^^ to ^^o^'h o^ "^ i^^c^- Amongst mammaLi the 
elephant has the largest red blood-corpuHtles (^^th of an inch) ; those of the dog average 
gJ^th of an inch ; those of the sheep ^^th of an inch ; the goat was long supposed to have 
the smaUest (^^th of an inch), but Gulliver found them about half this size in the Meminna 
and Napu deer. 

In observations upon the blood of different races of mankind, Richardson found no constant 
difference, the average diameter of the red blood-corpuscle being ^V^th of an inch. The 
corpuscles of many mammals, and notably the dog among the common domestic animals, 
approach so nearly in size to the human blood-oorpuscles as to be indistinguishable from them. 

When viewed singly by transmitted light the coloured corpuscles do hot appear 
red, but merely of a reddish-yellow tinge, or yellowish-green in venous blood. It is 




^ The one-thottsandth part of a millimeter is often known as a micro-millimeter or micron, and is 
represented by the Qreek letter fi. The diameter of a red blood corpuscle is then expressed as 7 — 8 
microns (7/i — Sfi), 
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only when the light traverses a namber of corpuscles that a distinct red colour is 
produced. 

In consequence of the biconcave shape of the corpuscle, it looks darker in the 
middle than at the edge when viewed with only a moderate magnifying power, or at 



Fig. 240. — Human red corpus- 

CLBS (A) ASD BLOOD CORPUSCLES 
OF THE VROO (B) PLACED SIDE 
BT SIDE TO SHOW RELATIVE 
SIZE. 500 DIAMETEB8. 

1, shows their broad sarface ; 
2, one seen edgeways ; 8, shows 
the effect of dilute acetic acid ; 
the nncleus has become distinct 
(from Wagner). 







a distant focus ; but the middle of the corpuscle appears lighter than the periphery 
when a close focus or a very high magnifying power is employed. 

The red disks, when blood is drawn from the vessels, sink in the plasma ; they 
have a singular tendency to run together, and to cohere by their broad surfaces, so 
as to form by their aggregation cylindrical columns, like piles or rouleaus of money, 
and the rolls or piles themselves join together into an 
irregular network (figs. 239 and 241). Generally the cor- 
puscles separate on a slight impulse, and they may then 
unite again. The phenomenon will take place in blood 
which has been in any way brought to a standstill within 
the living vessels as well as in blood that has stood for 
some hours after it has been drawn, and also when the 
globules are immersed in senim in place of liquor san- 
guinis. 




Fig. 241. — Red corpuscles 

COLLECTED IRTO ROLLS 

(after Henle). 



It has been shown by Norris that disks which float completely 
immersed in any fluid will, when the fluid oomes to rest, tend 
to adhere together in the form of rouleaus provided that the 
surface of the disks is of a nature not to be wetted by the fluid 
in which they float. Thus cork disks which have been weijrhted 

80 that they neither rise nor sink in water do not adhere together so long as they are freely 
wetted by the water, but if their surfaces are coated with a thin film of fatty substance the 
ddsks tend to run together into rouleaus. As it is probable (see below, Structure of Bed 
CoipuBcles) that the red disks do actually possess a superficial film of fatty substance, the facts 
pointed out by Norris appear to suggest a reasonable explanation of the rouleau-formation 
which occurs in blood which has been allowed to come to rest. 

The human blood-corpuscles, as well as those of the lower animals, often present 
deviations from the natural shape, which are most probably due to causes acting 
after the blood has been drawn from the vessels, but in some instances depend upon 
abnormal conditions previously existing in the blood. Thus, it is not unusual for 
many of them to appear shrunken and crgoated, when exposed under the microscope 
(fig. 239, c, c ; fig. 242,/), and the number of corpuscles so altered often appears to 
increase during the time of observation. This is, perhaps, the most common change; 
it occurs whenever the density of the plasmaris increased by the addition of a neutral 
salt, and is one of the first effects of the passage of an electric shock. The corpuscles 
may become distorted in various other ways, and corrugated on the surface ; not 
unfrequently one of their concave sides is bent out, and they acquire a cup-like figure. 

G-uUiyer made the curious discovery that the corpuscles of the Mexican deer and some allied 
species present rerf e^gular forms, doubtless in consequence of exposure ; the figures they 
assume are various, but most of them become lengthened and pointed at the ends, and then 
often slightly bent, not unlike caraway-seeds. 
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Stractiire of the ooloured blood corpusole. — Each red corpuscle is formed 
of two parts, a coloured and a colourless, the former being a solution of hotmoghhm^ 
the latter, the so-called stroma^ which is in by far the smaller quantity, being com- 
posed of various substances, chief among these being lecithin and cholesterin^ together 
with a small amount of cell-globulin (Halliburton and Friend). Water constitutes 
^ about two-thirds of the corpuscles ; if the water is driven off, about 90 per cent, of 
the residue is haemoglobin. 

If water be added to a preparation of blood under the microscope, the water is 
imbibed and the concave sides of the corpuscle become bulged out so that it is 
rendered globular. By the further action of the water the heemoglobin is dissolved 

^ ^ ^^ ^^ Fig, 242. — a-«, saccessive effects of water upon a red blood - 

^^ corpuscle ; a, corpuscle seen edgeways, slightly swollen ; 6» c, one 

of the sides bulged out (cup form) ; d^ spherical form ; f , decolorized 

stroma ; /, a thorn-apple shaped corpuscle (due to exposure) ; 

«7, action of tannin upon a red corpuscle. 
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out of the corpuscle, and the colourless part or stroma 
remains as a faint circular outline. This simple ex* 
periment conclusively shows that the corpuscle is composed of a membraiie or 
external envelope with coloured fluid contents, for the above reaction 
is precisely the same as would occur by osmosis with a bladder of the shape 
of the corpuscle filled with a strong solution of albuminous substance and placed 
in water (Schwann). On the other hand it is entirely inexplicable on the sup- 
position that the corpuscle is composed of a uniform disc-shaped stroma, permeated 
with coloured substance, which is the view advocated by Bruecke and RoUett, and 
adopted by nearly all subsequent writers on the subject, for if this were the case 
water should swell it out uniformly ; as happens if a disc of gelatine is placed in 
water, the whole disc imbibing the water, and become increased in size but retaining 
its original shape. 

The same fact is illustrated by the eflTects of mechanical injuries. If the 
corpuscles are suddenly pressed they become ruptured and the haemoglobin escapes, 
leaving the colourless part of the corpuscle as a mere outline. If blood is froasen 
the ice-crystals which form rupture the envelope, and on thawing the hsemoglobin 
escapes into the serum. Electric shocks passed through blood, if sufficiently 
strong, also rupture the delicate envelope of the corpuscles. Dilute acids 
act like water, but decompose the haemoglobin into colourless proteid (globin) 
and haematin, which are both dissolved by the acid. In the case of tannic acid, 
the products of decomposition are usually precipitated upon the envelope in the 
form of a small dark red coagulum (fig. 242, g). Alkalies, even when very dilute, 
cause a complete disappearance of the red corpuscles, the membranes as well as the 
haemoglobin being dissolved : the latter is converted into alkaline hwmatin. Ether 
or chloroform produce a similar effect when shaken up with blood, but may not 
completely dissolve the envelope. The blood or serum of some animals produces 
decolorization of the red corpascles of others belonging to different genera. 
This may be due to the foot that the one is more alkaline or of less specific 
gravity than the other, but the actual cause has not been determined definitely. 
Solutions of common salt, if stronger than 0*6 per cent., produce when added to 
blood crenation of the red corpuscles. This is due to exosmosis, the corpuscles 
4^ing water and thereby becoming shrunken. Under like circumstances the blood- 
corpuscles of the frog and newt, which do not exhibit crenation, show a wrinkled 
appearance of the surface of the corpuscle, a phenomenon which is scarcely explicable 
except by assuming the ])resence of a membrane. 

The action of ether and chloroform and that of alkalies seems to throw some 
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light on the nature of this membrane. For it is not easy to nnderstand why they 
should produce their particular effect unless the membrane were capable of being 
nartly or entirely dissolved by them, and this would indicate that it is largely of 
a fatty nature. Whether it is a pellicle of true fatty substance, or, as is more 
probable, a fat-like material into the composition of which the lecithin, cholesterin 
and proteid, which are described as composing the so-called stroma, enter, cannot here 
be discussed. 




Various other phenomena which have been noticed in connection with the action of reagents 
and varying external conditions upon the red corpuscles point to the same conclusion, yiz. 
that the external envelope of the red corpuscle is composed of a material having the physical 
characters of fats. A heat of 62*^ C. causes the coloured corpuscles to extrude globular pro- 
cesses and beaded filaments which may attain a rela- 
tively considerable length, and which eventually break 
off from the main substance of the corpuscle and form 
coloured globules in the fluid. A further increase of 
temperature to 60^ C. sets free the haemoglobin, 
and produces the complete disappearance of the 
corpuscles. Here we may suppose the fatty pellicle 
to become softened and eventually completely melted 
under the action of the increased temperature, thus 
permitting of the partial and eventuaUy of the com- 
plete flowing out of its contents. 

Almost any fluid which has a slight solvent action 
upon fats also causes an extrusion of the haemoglobin 
often with disappearance of aU sign of the stroma or 
membrane ; this is the case with solutions of the bile 
salts. Dilute alcohol in the form of sherry wine has been 
noticed to produce at first the extrusion of filaments 
like those caused by heat (Addison) ; and this may be 
supposed also to be due to the softening or incomplete 
solution of a fatty pellicle. The envelopes of the 
corpuscles (" stromata") after complete decolorization 
with water or dilute acids, stain faintly, but charac- 
teristically of the presence of fatty substance, when 
treated with oemic acid. Finally, the presence of a 
fatty pellicle would of itself, as above pointed out 
(p. 209), furnish a sufficient explanation of the other- 
wise obscure phenomenon of rouleau-formation. 

It has often been urged against the existence of a 
membranous envelope to the corpuscles that such an 
envelope when mechanically ruptured, as by pressure 
upon the corpuscles, should show signs of the gap 
through which the contents have escaped. This is by 
no means necessary, however, for in the case of a thin 
fatty pellicle such as that the existence of which is 
here assumed, the torn edges would immediately tend 
to come together again after rupture, and would then 
show no indication of the breach of continuity. A simi- 
lar explanation may be given of the fact that a cor- 
puscle may sometimes be cut into two, as when a needle 
Is drawn sharply across a preparation of newt's blood 
upon a glass slide, without the coloured contents 
escaping from the two separated parts ; in this case 
the pressure of the needle-point has at the same time 
that it severed the corpuscle brought together the oppo- 
site edges of the cut pellicle, and thus prevented the 
escape of the contents. 

Blood in which the hsemoglobln has been dissolved 
out from the corpuscles has lost its opaque appearance, 
and has acquired a transparent laky tint ; the change 
depends upon the fact that the colouring matter when dissolved in the serum and forming a 
homogeneous layer, interferes less with the transmission of light than when occurring in 
Hcattered particles. 

Haimoglobin after being thus separated from the blood-corpuscles is pr one t o undergo 



Pig. 243. — Blood-crtstals, XAGKiniD. 

1, from human blood ; 2, from the 
guinea-pig ; 3, squirrel ; 4, hamster. ^ 
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crystallization. The crystals present various forms in different animals, but almost all (the 
hexagonal plates of the squirrel being alone excepted) belong to the rhombic system. From 
human blood and that of most mammals, the crystals are elongated prisms (fig. 243, 1), but they 
are tetrahedrons in the guinea-pig (2), and short rhombohedrons in the hamster (4). They are 
most readily obtained for microscopical examination from the blood of the rat, where they 
appear merely on adding a little water, and afterwards eyaporating. 

All haemoglobin crystals contain a certain amount of water of crystallization. They 
are doubly refracting (anisotropous). The spectrum of haemoglobin, whether in substance 
or in solution, may be always readily recognized by the double or single absorption bands, 
which are produced according as it is present in the oxidated or deoxidated condition. 

Other coloured crystals, which may be obtained from blood, are the so-called ^* hsmin 
crystals " of Teichmann. They are formed when haemoglobin is warmed with a little salt and 
glacial acetic acid. On cooling, the haemin crystallizes out in minute reddish brown acicular 
prisms (fig. 244), the demonstration of which affords a positive proof of the presence of blood- 
colouring matter. They may readily be obtained from dried blood without the addition of salt, 
merely by warming it with glacial acetic acid. 

The amount of haemoglobin in each corpuscle, which is liable to variation, may be approxi- 
mately arrived at by determining both the number of corpuscles and the amount of haemoglobin 
in a given volume of blood. The amount of haemoglobin is estimated by diluting a sample of 
blood with a known amount of water, and comparing the tint of the solution so obtained with 
that of a solution of haemoglobin of known strength. A very convenient means of quickly 
obtaining an idea of the amount of haemoglobin in a sample of blood is afforded by the 
'* haemoglobinometer '' of Growers, which is arranged on the above principle. 

Straotnre of tlie nncleated red oorpiuicles of the lower vertebrata. — 

The large corpuscles of the frog (fig. 245) and newt differ from the mammalian 

Fig. 246. — Frog's blood (Ranvier). 

a, red corpuscle seen on the flat ; v, vacuole 
in a corpuscle ; 6, c, red corpuscles in profile ; 
n, pale corpuscle at rest ; 9n, pale corpuscle, 
exhibiting amoeboid movements; Pf colourless 
fusiform corpuscle. 

corpuscles in the possession of a nucleus. 
It is rather more than one-third the 
length of the corpuscle, but in the 
natural unaltered condition is visible 
with difficulty ; this is probably owing 
to the fact that it possesses very nearly 
the same index of refraction as the rest 
of the corpuscle. For it may be ren- 
dered visible, even under such circum- 
stances, by the combined action of 
watery vapour and carbonic acid upon the blood ; a precipitate (of serum-globulin ?) 
is thus produced upon the nucleus, and its outline comes into view: on remission 
of air the precipitate is re-dissolved, and the nucleus again becomes fiaint or 
disappears (Strieker). 

The effect of most reagents is similar to that produced on human blood. Water 
causes both corpuscle and nucleus to swell up by imbibition, the coloured part being 
then extracted. A dilute solution of acetic acid in an indifferent fluid also removes 
the colouring matter, but the nucleus presents a markedly granular appearance 
(fig. 240, 8) ; if strong acetic acid be employed, the nucleus often acquires a reddish 
tint. Alkalies, on the other hand, even when very dilute, rapidly destroy both 
corpuscle and nucleus. Various reagents added to newt's blood cause the coloured 
part of the corpuscles to become partly withdrawn from the envelope, and collected 
around the nucleus ; this is especially the case with a solution of boracic acid^ 
the coloured matter and nucleus (" zooid " of Briicke) may subsequently be alto- 
gether extruded from the envelope or stroma of the corpuscle (" oecoid"). 
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Dilate alcohol may bring to view one or two nucleoli within the nucleus of 
the amphibian red corpuscle (RauTier, Stirling). In other respects also this struc- 
ture resembles the nucleus of an ordinary cell, for it contains a network traversing 
its interior (fig. 246), which is, however, very close, and produces under moderate 
powers of the microscope a somewhat granular effect. It is 
doubtful whether the nucleus of the adult corpuscle can undergo 
division, although in the young state the division of the nucleus, 
followed or accompanied by that of the corpuscle, has frequently 
been observed. 



OOIiOUBIiSSB OORPUSOIiES OF THE BIiOOD. 




Fig. 246. — Coloured 

CORPU80LS OF SALA- 
MANDER, SHOWINO 
INTRA-NVOLEAR NET- 
WORK (Flemming). 



General cluvacters. — The white, pale, or colourless 
corpuscles (leucocytes) are few in number as compared with the 
red, and both on this account and because of their want of 
colour, they are not at first easily recognised in a microscopic 
preparation of blood. Their form is very various, but when the blood is first drawn 
they are rounded or spheroidal. Measured in this condition they are found to be 
about iriWth of an inch ('01 mm. = 10 y) in diameter. They are specifically 
lighter than the red corpuscles. 

The white corpuscle may be taken as the type of a free animal cell. It is a 
minute protoplasmic structure inclosing one or more nuclei. The protoplasm, being 
to all appearance unaltered from its primitive condition, and unenclosed in a 
definite cell-wall, is capable of exhibiting in a high degree the amoeboid movements 




Fig. 247. — Three ahosboid white corpuscles of the newt, killed by instantaneous application 

OF STEAM. (E. A. S.) 

a, a coarsely granular cell ; 6, c, finely granular cells, with vacuolated protoplasm. 
Fig. 248. — An amcbboid white corpuscle of the newt. Highly magnified. (E. A. S.) 

and other phenomena which depend upon the possession of contractility : these have 
been akeady sufficiently described (pp. 174 to 179). The white blood-corpuscles are 
apt to take into their interior minute solid particles that have been introduced into 
the blood (fig. 204) ; this property has served in the hands of Cohnheim and others 
as a means of detecting escaped white corpuscles in tissues which are wholly extra- 
vascular, such as the cornea. Some of the colourless corpuscles have in their 
protoplasm a number of comparatively coarse round granules (fig. 239, g, fig. 247, a) 
which are generally grouped together round the nucleus. These corpuscles are often 
distinguished from the more common paler variety (fig. 239, jp, fig. 247, ft, c) as the 
coarsely granular cells (eosinophile-cells of Ehrlich), but it is not known how they 
are different in nature, origin, or destination. 

Corpuscles, coarsely granular and finely granular, are sometimes met with, which 
are much smaller than the ordinary pale cells, consisting chiefly of a spheroidal 
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nucleus with but little surrounding protoplasm. They seem to be young forms of 
the more protoplasmic corpuscles, and are perhaps identical with the lymphoid cells 
formed in lymphatic glands and similar structures. 

The corpuscles often have one or more conspicuous vacuoles in their protoplasm, 
but these are inconstant, and may appear and disappear in the same corpuscle. 
Sometimes they are iilled with small vacuoles so that the cell-substance assumes a 
frothy aspect. This is commoner in the white blood-corpuscles of the newt and 
other cold-blooded animals than in those of man. By means of the amoeboid 
movement of their protoplasm, the pale corpuscles, under some circumstances, 
possess the power of wandering or emigrating from the blood-vessels, penetrating 
between the elements of their coats, and in this manner they find their way into the 
interstices of the tissues, and hence into the conunencements of the lymphatics. 
Cells like these which appear to be wandering independently in the tissues, and 
particularly in the connective tissue, are known as migratory or wander-cells. 

Besides the two forms of pale corpuscles above referred to, others have been described 
which differ from them in containing red-coloured granules in tjieir protoplasm. According 
to A. Schmidt and Semmer, such cells are very numerous in the circulating blood, but on 
withdrawal of the blood from the vessels they become rapidly destroyed and disappear without 
leaving a trace. Schmidt looks upon them as transitional forms between the white and red 
corpuscles, but the evidence of their constant occurrence in normal blood is at present 
unsatisfactory. 

The pale corpuscles possess polar particles with well-marked attraction-spheres 
(Flemming), and one, two, or more nuclei, which are generally obscure in 
the living condition, but are sometimes clearly seen when the corpuscle becomes 
flattened out, and may always be brought into view by reagents. The nuclei are 

apt to take on peculiar shapes, caused perhaps by traction 
exercised upon them by the movements of the surroundiug 
protoplasm. Thus a nucleus not unfrequently becomes 
elongated and either irregular in outline (fig. 249) or folded 
on itself, so that when the ends are turned up, the appear- 
ance of two nuclei is produced, where in reality there 
may be but one. In fact the occurrence of several nuclei 
Fig. 249.— A PALS 00KPU8CLE ^^ ^^ P*^® corpuscle is much more rare than is generally 
OF THE SALAMANDER, SHOW- supposcd, for it wlll bc usually found that even when 
KucLED^"^^"^ iKRsouLAR ^YiQTQ appcar to bc several nuclei in a corpuscle they are 
CLEAR NETWORK. "^^Flem- uuitcd togcthcr by long strands of chromoplasm (fig. 247, 
ming.) h^c). In other respects they have the normal structure and 

appearance of cell-nuclei, containing the usual network. 
The division of the nucleus and of the corpuscles takes place by karyokinesis in the 
same way as in other animal cells. It has been observed in the lymph-cells of 
lymphoid tissue which afterwards become the pale corpuscles of lymph and blood, 
and also in some instances in corpuscles within the blood itself. 

Action of reasrents. — Water swells up and destroys the protoplasm of the white corpuscles, 
setting free the granules. If but little water be mixed with the drop of blood, the protoplasm 
may not be destroyed, but the corpuscles are swollen out (fig. 250, 1), and the granules take on 
an active Brownian movement. Acetic acid causes a granular precipitate in the protoplasm, 
the granules collecting around the nucleus, which is brought very strongly into view (fig. 250, 
2, 3). A clear bleb-like swelling is also generally produced from one or more sides of the 
corpuscle ; but this appearance is not peculiar to acids, for it is often seen as an accompani- 
ment of the death of the corpuscle, whether as the result of the action of reagents or from 
other causes. If produced by a solution of iodine, the bleb sometimes becomes coloured of a 
faint port-wine tint, a reaction which is generally taken as an indication of the presence of 
glycogen. 

In the blood of the splenic vein, and also in the pulp of the spleen itself, cells have been 
noticed resembling pale corpuscles in their structure, but much larger, and enclosing in their 
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protoplasm a nnmber of red oorpuBcles, or in some cases partially disintegrated portions of red 
oorpuscles. The white corpuscles also tend to take into their protoplasm bacteria and other 
micro-organisms, which, according to Metschnikoff, may become destroyed within the corpuscles. 
They also appear to play an important part in absorption of solid and fatty particles, both from 

Fig. 250. — COLOURLKSS CORPUSCLES TRBATKD WITH 
WATER AND WITH ACETIC ACID (K A. S.). 

1, first effect of the action of water upon a white 
blood-oorpuficle ; 2, 3, white corpuscles treated with 
dilate acetic acid ; n. nucleus. 

the intestines and in the physiological and pathological absorption of the tissues (absorption of 
tadpole's tail, formation of abscesses). Leucocytes which have thus ** devoured " other cells or 
foreign substances are often termed phagocytes. They are often of large size, but it has not 
been shown that they are morphologically different from ordinary white blood-corpuscles. 

Other mioroscopio elements in blood. — In the clear fluid which intervenes 
between the corpuscles, and which, in a preparation which has been made a short 
time, consists of serum, there can generally be 
detected a network of fine interlacing filaments of 
fibrin (fig. 251). There are also to be seen minute 
round colourless discoid particles in this fluid, which 
are usually massed together into groups, containing 
from a very few to an immense number of particles. 
They were first described under the name of elemen- 
tary particles by Zimmermann, and attention was 
subsequently drawn to them by Hayem, who re- 
described them under the name ^'haematoblasts " as 
a source whence new red corpuscles are derived. 
Still more recently these structures have been again 
investigated by Bizzo2sero, who has termed them " bjood-jjlatelets," and has ascribed 




Fig. 251. — Network of vibrin, snowir 

AFTER WASHING AWAT THE COR- 
PUSCLES FROM A PREPARATION OF 
BLOOD THAT HAS BEEN ALLOWED 
TO CLOT. (B. A. 8.) 

Many of the filaments radiate from 
smaU clumps of blood-tablets. 
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Fig. 252. — ^MaSS of blood-platelets, showing the changes which it undergoes at ITS PBRIPHERT 
WHEN observed IN SALT SOLUTION ON THE WARM STAGE. (Osler.) 

to them special functions not only in connexion with the regeneration of the red 
corpuscles but also with the formation of fibrin-ferment. 

It is certain that they are much more numerous 
in disease and especially in cachectic states of the 
system than in the normal condition, but they 
appear to be never altogether absent even in per- 
fectly healthy blood. Lowit believes that the plate- 
lets are nothing but particles of globulin which have 
become precipitated from the plasma after the blood 
has been drawn, and others have thought that they 
are produced by the solution of some of the pale cor- 
puscles, but for both these views there appears to be 
insuflicient evidence. It was shown by Osier that they occur free within the 
blood-vessels (fig. 258), although they become massed together immediately the blood 
is drawn. The fibrin-filaments which then form, almost invariably radiate from 



Fig. 253. — Blood - corpuscles and 

PLATELETS WITHIN A SMALL 
VEIN OF THE RAT*S MESSNTERT. 

(Osier.) 
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these clumps of platelets as if they were foci for the deposition of fibrin. If 
the blood is mixed with salt solution (0*6 p.c.) and the preparation is maintained 
at a temperature of 35* to 40* C, the external platelets, together with the fibrin 
filaments which are adherent to them, break away from the mass and float with 
Brownian movement in the surrounding finid (fig. 252). 

It must be admitted that the nature and function of these elementary particles 
or platelets is as yet by no means clearly determined. 

If blood be taken from an animal during digestion, especially of a meal con- 
taining much fatty food, the serum or plasma has a milky aspect. This is due to 
the presence of innumerable fine fatty particles which have been absorbed from the 
intestines and discharged with the chyle into the blood. 



OOBPUBOZiXS OF THS XiTUFH A2TD OHYIiB. 

Itymph, when examined with the microscope, is seen to consist of a clear liquid 
with corpuscles floating in it. The liquid part— lymph-plasma — bears a strong 
resemblance in its physical and chemical constitution to the plasma of the blood. 
The lymph-corpuscles agree entirely in their characters with the pale corpuscles ot 
the blood. They vary in number in lymph from different parts, being more 
numerous in that which has passed through the lymphatic glands than in the lymph 
which enters those bodies, thus indicating the lymphatic glands as an important 
source of these corpuscles. Many of the corpuscles found in lymph are of small 
size, consisting of a small amount of protoplasm and a relatively large nucleus, and 
thus resembling the lymphoid cells of lymphatic glands. These cells are less actively 
amoeboid than those which are larger and contain more protoplasm. Since the lymph 
is poured into the blood, the lymph- corpuscles are to be looked upon as constantly 
furnishing a fresh supply of pale corpuscles to that fluid. 

Chyle consists merely of lymph, to which are added some of the absorbed 
products of digestion. These are chiefly particles of fatty matter or minute 
oil-globules, some of which are of appreciable size, but the greater number are 
immeasurably small. Like the fatty globules suspended in milk, they give the chyle 
a similar milky aspect. These minute fatty particles were named collectively by 
Gulliver the "molecular base" of the chyle. 

Corpuscles, like the ordinary lymph-corpuscles but with a reddish tinge, have 
been described in the lymph and chyle as well as in the blood, and red did^ have 
also been noticed, but these may have got into the lymphatics accidentally through 
a rupture of the flne vessels. 

DZVZIiOPMXNT OF THB BIiOOD-COBFaSGIiXB. 

Origin of tlie wMte blood-corpuscles aad of the corpuscles of the 
lymph aad chyle. — The first white blood-corpuscles which are found in the embryo 
do not appear in the vessels so early as the coloured cells. They are in all probability- 
amoeboid mesoblastic cells, which have wandered into the blood-vessels or lymphatics. 
Here they may be similarly added to or they may multiply by division. 

As to the origin of the lymph- and chyle-corpuscles in after life, it may be 
observed that the greatly increased proportion of these bodies in the vessels which 
issue from the lymphatic glands and organs of similar structure in various parts of 
the body, and the vast store of corpuscles having the same characters contained in 
these organs, are unmistakeable indications that they are at least a principal 
seat of their production. It has been shown by Flemming that a process of 
karyokinesis is continually going on in the lymphoid tissue, and the new cells 
which are thereby produced doubtless find their way into the lymphatic vessels. 
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Pale blood-corposcles also, which have migrated from the vessels, may find their way 
into the beginning of the lymphatics. In this way the presence of corpuscles in the 
lymph even before it has passed through the lymphatic glands is accounted for. 
Lymph-corpnscles are also produced in the spleen and in the thymus gland (the 
latter in early life) ; and it is still believed by some authors that they may also be 
formed by proliferation of connective tissue corpuscles. The corpuscles of the chyle 
and lymph are carried into the s^^Qgui&cous system and become the pale corpuscles 
of the blood, but some of the latter may pass directly from the lymphatic glands, 
spleen, and other organs containing lymphatic or lymphoid tissue into the blood- 
vessels which are supplied to those organs. 

Origin of the nucleated red blood-corpnedes of the embryo. — The first 
red blood-corpuscles are formed very early in embryonic life simultaneously with and 
in the interior of the first blood-vessels. They are developed in thfi-jneaohlagt, in a 
circular area which surrounds the part of the blastodenn which is occupied by the 
developing body of the embryo. The area is known as the yagculaL^cesk and the 
first blood-vessels and blood-corpuscles are, therefore, formed outside the actual body 
of the embryo. The process of development is as follows : — 

Those mesoblastic cells in the vascular area which are concerned with the for- 
mation of vessels (angioblasts) become extended into processes of varying length, 
which grow out from the cells in two or more directions. The cells become united 
with one another, either directly or by the junction of their processes, so that an 





Fig. 254.— Part of the network in developino blood-vessels in the vascular area of the 

auiHEA-pia. (R A. S.) 

blj blood-corpuscles becoming free in an enlarged and hollowed out part of the network. The 
smaller figure on the left represents a of the larger figure, more highly magnified ; d, a nucleus under- 
going division. 

irregular network of protoplasmic nucleated corpuscles is thus formed (fig.254). Mean- 
while the nuclei become multiplied, and whilst the greater number remain grouped 
together in the original cell-bodies or nodes of the network, some are seen in the 
uniting cords. The nuclei which remain in the nodes accumulate, each one around 
itself, a small amount of cell-protoplasm. The corpuscles thus formed (bl) acquire 
a reddish colour, and the protoplasmic network in which they lie becomes 
vacuolated and hollowed out into a system of branched canals enclosing fluid, in 
which the nucleated coloured corpuscles float. The intercommunicating canals 
gradually become enlarged so as to admit of the passage of the corpuscles. The 
protoplasm which forms the wall of these first vessels becomes differentiated around 
the nuclei which have remained embedded in it, so as to give rise to the flat cells 
which compose the blood-capillaries. 

As soon as the heart is developed, or even b3fore this happens, the blood begins 
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to move within the vessels of the vascular area. And when the action of the heart 
commences, the blood is driven also through vessels which are formed, probably in a 
manner similar to that above described, in the mesoblast of the body of the embiyo. 

These first formed red blood-corpuscles are nucleated cells i-esembling the pale 
corpuscles except in their colour and in the clearness of their protoplasm, and, like 
the white corpuscles, they are capable of amoeboid movement, and of undergoinp^ 
multiplication^ by division. It is uncertain whether, as stated by Kolliker and others, 
any of the primary red blood-corpuscles are produced by direct transformation of 
individual cells of the mesoblast, but (whether by accession of some of these last, by 
division, or by a continuance of the original mode of formation), the numbers in- 
crease considerably, and they are soon accompanied by colourless corpuscles. These 
appear to be formed in great number in the embryonic liver as soon as this is de- 
veloped, afi well as in the lymphatic glands, spleen and thymus gland. It has been 
supposed that the colourless corpuscles formed in these organs acquire colour, and 
are converted into nucleated red corpuscles, but there is no direct evidence in favour 
of this view. 

The primary nucleated red corpuscles ai'e at length succeeded by smaller disk- 
shaped red corpuscles without nuclei, having all the characters of the blood-disks of 
the adult. This substitution proceeds gradually, until, long before the end of intra- 
uterine life, the nucleated red corpuscles have almost entirely vanished from the blood. 
According to Neumann, some are still to be met with even in the new-bom child. 
It is probable that they are converted into non-nucleated disks, but it is not known 
how the transformation occurs. Probably the process is the same as that which 
takes place in the case of the nucleated red corpuscles of the red marrow of the adult, 
which are indeed in all likelihood the direct descendants of the embryonic nucleated 
blood-corpuscles. 

Origin of the red blood-disks.— 1. IntraoeUnlar origin. The disk-shaped 
red corpuscles are produced in the interior of angioblastic connective tissue cells 
in the following manner : — 






Fig. 255. — DiVXLOPXKKT of RBD OORPUSOLRS in OONNECTIVB tissue OBLLS (ANQIOBLASTS). FaOX THE 
SUBOUTAMEOUS TISSUE OF THE MEWBO&N BAT. (E. A. S.) 

hf a ceU containing bnmoglobin in a diffused form in the protoplasm ; h\ one containing coloured 
globules of varying size, and vacuoles ; h", a cell filled with coloured globules of nearly uniform size ; 
/, f, developing fat cells. 

A part of the protoplasm of the cell acquires a reddish tinge (fig. 255, h), and 
after a time the coloured substance becomes condensed in the form of globules {h') 
within the cells, varying in size from a minute speck to a spheroid of the diameter 
of a blood-corpuscle, or even larger ; but gradually the size becomes more uniform 
(fig. 255, A"). Some parts of the embryonic connective tissue, especially where a 
vascular tissue, such as the fat, is about to be developed, are completely studded 
with cells like these, occupied by a number of coloured spheroids and forming nests 
of blood-corpuscles or minute "blood-islands." After a time the cells become 
elongated and pointed at their ends, and processes grow out to join prolongations of 
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neighbouring blood-vessels or of similar cells. At the same time vacuoles form 
within them (fig. 255, h% and becoming enlarged coalesce to form a cavity filled with 
fluid, in which the reddish globules, which are now becoming disk-shaped, float 
(fig. 256). Finally the cavity extends through the cell-processes into those of neigh- 
bouring cells, and a vascular network is produced, and this becomes eventually 
united with pre-existing blood-vessels, so that the blood-corpuscles which have 
been formed within the cells in the manner described, get into the general circu- 
lation (see Development of Blood-vessels). 

This " intracellular " mode of development of red blood-corpuscles ceases in most 
animals before birth, although in those which, like the rat, are bom very immature, 
it may be continued for a few days after birth. Subsequently, although new vessels 
are formed in the same way, blood-corpuscles are not produced within them, and it 




h= 






Fig. 256. — FURTHEB DBVELOPMSHT Of BLOOD-CORPUSCLES 
WITHIN CONMBOTIVB TISSUE CELLS, AHD TaANSFORXATION 
OF THE LATTER INTO OAPILLABT BLOOD-VESSELS (E. A. S.) 

a, an elongated ceU with a carity in its protoplasm 
occupied by fluid and by blood- corpuscles which are still 
globular ; h^ a hollow cell the nucleus of which has multi- 
plied. The new nuclei are arranged around the wall of the 
cavity, the corpuscles in which have now become discoid ; 
e, shows the mode of union of an angioblast. which in this 
instance contains only one corpuscle, with the prolongation 
ijbl) of a previously existing vessel a, and c, from the 
new-bom rat ; 6, from a foetal sheep. 

becomes necessary to seek for some other source 
of origin of the red blood-discs, both during the 
remainder of the period of growth, and also 
during adult hfe, for it is certain that the blood- 
corpuscles are not exempted from the continual 
expenditure and fresh supply which affect all the 
other tissues of the body. 

2. In the marrow of bones. — In the red marrow which fills the internal 
cavities of many bones, and particularly the ribs, corpuscles have been observed 
which appear to justify the inference that red blood-corpuscles are here becoming 
developed. These corpuscles, which have been termed erythroblasts^ were long ago 
described by Neumann, and by Bizzozero, and have since been noticed also by many 
other observer, by most of whom they are stated to be formed from the leucocytic 
marrow-cells. The accounts are, however, somewhat diflTerent ; for, according 
to some, the nucleus of the marrow-cell becomes coloured, and with a small amount 
of protoplasm persists as the red disc, while othera describe the protoplasm as 
becoming transformed into the red corpuscle whilst the nucleus disappears. 

According to the account given by Bizzozero, the erythroblasts are not 
developed from the leucocytic marrow ceUs, nor from the white corpuscles of the 
blood, but are corpuscles sui generis, which multiply by karykinesis, and become 
gradually transformed, in the mammalia with disappearance of the nucleus, into the 

Fig. 257.— COLOUBED NUOLEATEn CELLS FBOM THE RED MARROW OF THE QUnrEA-PIQ (K A. S.) 

red blood-disks. My own observations are entirely in accordance with these state- 
ments. The coloured cells that I have noticed have almost always been distinctly 
smaller than the ordinary marrow-cells, often of irregular forms, and sometimes 

VOL. I. Q 
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appear to be undergoing division (fig. 267). They are amoeboid cells, the protoplasm 
of which is coloured by hflemoglobin, and they closely resemble, in feet, the nucleated 
red blood-corpuscles of the embryo. It appears therefore probable that the cells 
in question are descendants of the embryonic red blood-corpuscles, and that they 
are transformed into the ordinary blood-discs by the gradual atrophy and disappear- 
ance of the nucleus and the moulding of the coloured cell-substance into the shape 
of the biconcave red corpuscles. Appearances such as are exhibited by some of the 
corpuscles which are delineated in fig. 257, certainly indicate atrophy of the 
nucleus.^ The amoeboid movements of which these corpuscles are capable may assist 
them to pass into the blood-capillaries, the walls of which are, in mammals, less 
distinct and continuous than in other parts, with the single exception of the spleen. 
But it would appear from the observations of Bizzozero and Torre that in birds the 
capillary walls are complete, and that all the erythroblasts are intravascular, t.«., are 
found within the venous capillaries and not in the tissue of the marrow. These 
venous capillaries are relatively large, and the blood-stream in them must be 
exceedingly slow. The fully developed red corpuscles lie in the axis of the vessel, 
the erythroblasts and leucocytes towards the periphery. 

These statements have been confirmed in the main by Denys, who has also subjected the 
marrow in birds to a careful examination. Denys states, however, that the coloured erythro- 
blasts are derived from colourless erythroblasts lying next to the oapUlazy wall, and that 
while this transformation into red corpuscles is going on within the vessels, the marrow cells 
outside the vessels are multiplying and forming white blood corpuscles. 

3. Oriflrin firom white oorpuaoles. — The view which long obtained most prevalence, is 
that the red discs are developed from the white corpuscles. There are, however, no recorded 
observations of recent date which show conclusively that the red corpuscles are thus developed 
in the circulating blood, although some observers are of opinion that such transformation may 
occur in the marrow. 

4. In the spleen. — It has long been believed that the formation of red blood-corpuscles is 
carried on in the spleen-pulp, but this view has been in many quarters supplanted by the con- 
trary one that a destruction of red corpuscles rather than a new formation may there take 
place, in support of which many facts were brought forward by KoUiker. The former view 
has, however, been again brought into prominence by Bizzozero, who describes in the spleen- 
pulp after severe loss of blood, nucleated red corpuscles like those in the marrow, and further 
finds that there are more red as well as white corpuscles in the blood of the splenic vein than 
in that of the corresponding artery. These statements only apply, however, to certain animals. 

6. From, the elem.entar7 particles or blood-platelets. — Hayem described these as the 
precursors of the red blood-corpuscles in mammals. To them he implied the name 
" hsamatoblasts," and he maintains that they acquire colour, and by a gradual increase in size 
become directly transformed into red corpuscles. In support of this view he points out that 
red corpuscles which are much smaller than the ordinary ones are to be almost always met 
with in blood, and that these smaUer forms are especially numerous in cases where there 
has been previously a considerable loss of blood, and in which, therefore, it may weU be sup- 
posed that a new formation of red corpuscles is proceeding ; and further, that they present 
every transition between the blood-tablets and the red discs.' In the frog Hayem 
describes as hsematoblasts, spindle-shaped cells something like the white corpuscles, but of 
more delicate appearance (like the corpuscle marked j; in fig. 245). These become, according 
to him, converted directly into red corpuscles, after undergoing an increase of size and a 
change of shape, in addition to the accession of colouring matter. They had been long 
previously noticed by Recklinghausen, and regarded as transition forms between the white 
and red corpuscles. 

Morpliology of the red oorpusoles. — It is obvious from the study of the 
structure of the mammalian red blood-disks that they are not morphologically to 
be regarded as cells. For they lack a most important morphological constituent of 
the cell, viz., the nucleus, nor do they exhibit any other sign of cell-structure. 

^ According to Howell the partially atrophied nucleus beconies extruded, and then dissolved. 

- A similar account of the development of the red discs was given by Zimmermann ; but many of 
the transitional forms which he described were red corpuscles which had become decolorised. The 
same may probably be said regarding the " invisible corpuscles " of Norris (" Physiology and Pathology 
of the Blood/' 1882). 
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Chemically also, as has been shown by Hallibnrton and Friend, the red corpuscles lack 
substances, such as cell-albumin and nucleo-albumin, which are characteristic of 
typical animal cells. They contain, however, a small amount of cell-globulin, and this 
appears to be their only proteid. Further, although originally formed from.and within 
protoplasm (see above. Intracellular development, and Development in marrow), they 
have lost all amoeboid properties — in fact, as the study of their formation within the 
angioblasts shows, the protoplasm from which they are formed becomes trans- 
formed into little but a solution of haemoglobin, which as their development 
proceeds, becomes confined by a delicate pellicle of " stroma substance." This may 
itself be a deposit formed around the haemoglobin-globules by the cell-protoplasm, 
or may be a modified remainder of that protoplasm which is left around the globule. 
On the other hand, the nucleated red corpuscle of oviparous vertebrates, although 
its general structure and mode of development show it to be morphologically a cell, 
yet has in the adult none of the functional characteristics of cells. Nor so far as we 
know is it in the adult condition capable of undergoing division and multiplication, 
although the nucleus retains the structure and chemical composition which is typical 
of cell-nuclei. The cell-body, on the other hand, has both histologically and chemi- 
cally lost the properties of cell-protoplasm, and as in the case of the mammalian 
corpuscle is wholly transformed into a homogeneous mass or solution of haemoglobin 
with a delicate enclosing pellicle. Some authors have, it is true, described a reticular 
structure within these corpuscles, but there is little doubt that such reticulum has 
been artificially produced by the reagents used to fix the corpuscles. These nucleated 
corpuscles of ovipara differ from the nucleated corpuscles of the mammalian 
embryo, for the latter are true functional cells, capable of division, and exhibiting 
amoeboid phenomena, and in short differing from a typical animal cell, such 
as the white corpuscle, only in the presence of haemoglobin in their protoplasm. The 
nucleated coloured cells of the marrow are in all respects similar to them. 

HistorioaL — The development of blood-oorpnacles in isolated patches in the vascular area 
of the chick was first reco^ised by Pander, who termed the patches " blood-islands." Remak, 
and after him, His and KoUiker, described the first vessels in the vascular area of the chick as 
originating in the form of a solid cord of mesoblastic cells, arranged so as to form a network ; 
the peripheral cells of the vascular cords becoming flattened and forming the epithelium of the 
vessels, whilst the centrally placed oeUs become directly converted into blood-corpuscles, acquiring 
colour first of all at certain points — the blood-islands of Pander — and fluid accumulating 
between them to form the liquor sanguinis. His stated, moreover, that the blood-vessels 
within the body of the embryo originate as ingrowths from these vessels of the vascular area* 
Strieker was the flrst to describe the formation of blood-vessels by the hollowing out of con- 
nective tissue-cells, and Afanasieff and Klein proved that the blood-islands of Pander were 
cells of the mesoblast, in the interior of which blood-corpuscles had made their appearance, 
and that the containing cells became the first blood-vessels. Klein's account was confirmed, 
and in some particulars modified, by Balfour. The account above given of the formation of 
vessels and blood-corpuscles in the vascular area of mammals is derived from observations 
upon the embryo of the guinea-pig. The production of red blood-disks in the interior of 
certain cells of the connective tissue was first noticed by me in the subcutaneous connective 
tissue of the new-bom rat, and subsequently in the embryos of a number of different animals, 
and these observations were confirmed by Ranvier — who terms the connective tissue-cells con- 
cerned in the process " vasoformative cells " — as well as by Lebouoq and others. The dis- 
covery of the important fact that in the adult condition the main if not the only seat of 
formation of red blood-corpuscles is the red marrow of the bones, is due to the researches of 
Neumann, which were first published in 1868. 
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CONIOSOTIVE TISSUES FBOFEB. 

Areolar tuisue. — If we make a cut through the skin, and proceed to raise it 
from the subjacent parts, we observe that it is loosely connected to them by a soft 
filamentous substance of considerable tenacity and elasticity, and having, when free 
from fat, a white fleecy aspect ; this is the substance known as areolar tissue. In 
like manner the areolar tissue is found underneath the serous*and mucous membranes 
which are spread over various internal surfaces, and serves to attach these membranes 
to the parts which they line or invest ; and as under the skin it is named " sub- 
cutaneous," so in the last-mentioned situations it is called " subserous '* and *' sub- 
mucous '1 areolar tissue. But on proceeding further we find this substance lying 
between the muscles, the blood-vessels, and other deep-seated parts, occupying, in 
• short, the intervals between the different organs of the body where they are not 
otherwise insulated, and thence named ** intermediate ; " very generally, also, it 
becomes more consistent and membranous immediately around these organs, and 
under the name of the " investing " areolar tissue, affords each of them a special 
sheath. It thus forms inclosing sheaths for the muscles, the nerves, the blood- 
vessels, and other parts. Whilst the areolar tissue might thus be said in some sense 
both to connect and to insulate entire organs, it also performs the same oflSce in 
regard to the finer parts of which these organs are made up ; for this end it enters 
between the fibres of the muscles, uniting them into bundles ; it connects the several 
membranous layers of the hollow viscera, and binds together the lobes and lobules of 
compound glands ; it also accompanies the vessels and nerves within these organs, 
following their branches nearly to their finest divisions, and affording them support 
and protection. This portion of the areolar tissue has been named the '^ pene- 
trating," ** constituent," or " parenchymal." 

It thus appears that the areolar is one of the most general and most extensively 
distributed of the tissues. It is, moreover, continuous throughout the body, and 
from one region it may be traced without interruption into any other, however 
distant ; a fact not without interest in practical medicine, seeing that in this way 
dropsical waters, air, blood, and urine, effused into the areolar tissues, and even the 
matter of suppuration, when not confined in an abscess, may spread far from the spot 
where they were first introduced or deposited. 

On stretching out a portion of areolar tissue by drawing gently asunder the parts 
between which it lies, it presents an appearance to the naked eye of a multitude of 
fine, soft, and somewhat elastic threads, quite transparent and colourless, like spun 
glass; these are ; intermixed with fine transparent films, or delicate membranous 
laminee, and both threads and laminse cross one another irregularly and in all 
imaginable directions, leaving open interstices or areolae between them. These 
meshes are, of course, more apparent when the tissue is thus stretched out ; it is 
plain also that they are not closed cells, as the term ** cellular tissue " which was 
formerly used to denote the areolar tissue, might seem to imply, but merely inter- 
spaces, which open freely into one another : many of them are occupied by the fet, 
which, however, does not lie loose in the areolar spaces, but is enclosed in its own 
vesicles. A small quantity of colourless transparent fluid of the nature of Ijmph 
is also present in the areolar tissue, but, in health, not more than is suflicient to 
moisten it. 

On comparing the areolar tissue of different parts, it is observed in some to be 
more loose and open in texture, in others more dense and close, according as free 
movement or firm connection between parts is to be provided for. 

Fibrous tissiie. — When the fine bundles of connective tissue are disposed for 
the most part in one or two directions, instead of interlacing in every direction as 
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in-tiie areolar tisane, they confer a difitinctlj fibrons aspect to the parts which they 
compose, accompanied by the acquisition of certain properties, which are mainly due 
to the parallel disposition of the elements of the tissue, and to the preponderance of 
the white fibres over the elastic (see below). This fibrous tissue is met with in the form 
of ligaments, connecting the bones together at the joints ; it also forms the tendons of 
muscles, into which their fleshy fibres are inserted, and which serve to attach these 
fibres to the bones. In its investing and protecting character it assumes the mem- 
branous form, and constitutes a class of membranes termed " fibrous." Examples of 
these are seen in the periosteum and perichondrium which cover the bones and carti- 
lages, in the dura mater which lines the skull and protects the brain, and the fibrous 
layer which strengthens the pericardium, also in the albugineous coat of the testicle, 
and the sclerotic coat of the eye, which enclose the tender internal parts of these organs. 
Fibrous membranes, named "aponeuroses" or "fasciae," are also employed to 
envelop and bind down the muscles of different regions, of which the great fascia 
inclosing the muscles of the thigh and leg is a well-known example. The tendons 
of muscles, too, may assume the expanded form of aponeuroses, as those of the broad 
muscles of the abdomen, which form strong fibrous layers in the walls of that cavity 
and add to their strength. It thus appears that the fibrous tissue presents itself 
under two principal forms, the/ascicular and the membrarums. 

The fibrous tissue is white, with a shining, silvery, or pearly aspect. It is 
exceedingly strong and tough, yet perfectly pliant ; but it is almost devoid of 
extensibility. By these qualities it is admirably suited to the purposes to which 
it is applied in the animal irame. By its inextensible character it maintains 
in apposition the parts which it connects against any severing force short of that 
sufiicient to cause actual rupture, and this is resisted by its great strength, whilst its 
flexibility permits of easy motion. Accordingly the ligaments and tendons do not 
sensibly yield to extension in the strongest muscular efforts ; and though they some- 
times snap asunder, it is well known that bones will break more readily than tendons 
of equal thickness, and the fibrous membranes are proportionally strong and alike 
inextensible. 

Elastic tissue* — In other situations in the body a tissue is found which, while 
allowing a considerable amount of extension, will readily return to its original con- 
dition when the extending force is relaxed. This is provided for by the prepon- 
derance of elastic fibres in theconnective tissue, and tiiese in themost typical examples 
of the tissue, such as the ligamentum nuchsB of quadrupeds and the ligamenta sub- 
flava of the human spine, give it a yellowish colour. The tissue is extensible and 
elastic in the highest degree, but is not so strong as ordinary fibrous ligament, and it 
breaks across the direction of its fibres when forcibly stretched. 

Examples of the texture on a large scale are seen in the horse, ox, elephant, and 
other large quadrupeds, in which it forms the great elastic ligament, called ligamentum 
nttchcRy that extends from the spines of the vertebrae to the occiput and aids in sus- 
taining the head ; in the same animals it also forms an elastic subcutaneous fascia, 
which is spread over the muscles of the abdomen and assists in supporting the 
contents of that cavity. In the human body it is met with chiefly in the following 
situations, viz. : — 

1. Forming the ligamenta snhfiava, which extend between the arches of 
adjacent vertebrae ; these ligaments, while they permit the bones to be drawn apart 
in flexion of the body, aid in restoring and maintaining their habitual approximation 
in the drect posture^ so far, therefore, relieving the constant effort of the erector 
muscles. There is, moreover, an obvious advantage in having an elastic band in 
this situation, instead of an ordinary ligament, which would be thrown into folds 
when the bones are approximated. 2. Constituting the chief part of the stylohyoid, 
thyrohyoid, and cricothyroid ligaments, and those named the vocal cords. Also 
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extending, in form of longitudinal bands, underneath the mucous membrane of 
the windpipe and its ramifications. 3. Entering, along with other textures, into the 
foimation of the coats of the blood-vessels, especially the arteries, and conferring 
elasticity on these tubes. 

MIOBOSOOPIO STBUOTUZUD OF OONNXOTIVX TISSUE. 

The three kinds of connective tissue, the obvious characters and arrangement of 
which have just been described, agree closely with one another in elementary 
structure. They are all composed of a matrix or ground-substance, in which cells 
are imbedded, and in this ground-substance and between the cells are fibres of two 
kinds, the white and elastic. It is the different arrangement of the cells and fibres, 
afi well as the relative proportion of one kind of fibre to the other, that determines 
the different characters of the varieties of connective tissue above enumerated. 

Gronnd-substaiice of conneotive tissue. — The ground-substance, matrix, or 
intercellular substance of the connective tissue is composed of a soft homogeneous 
material which occupies the tissue between the cells and cell-groups, and in which, 

as above stated, the fibrous elements of 
the tissue are found, it may be in so 
great a quantity as altogether to obscure 
the ground-substance in which they lie. 
It serves thus to unite the fibres, at 
least the white fibres, into the bundles 
which they form, penetrating between 
the individual fibrils of a bundle, and 
enveloping the latter with a homo- 
geneous sheath often of great tenuity. 
The ground-substance of connective 

Jflg. 258. — CELL-8P4018 0F8UBCUTANK0USCOIINECTIVB H'-^i^^ .«^,^»«« i-^x ^^«4-»;^ -..,^:.. T* ,*« 

II8S0K, IRB OKOOHD SUBSTARO HAVIBO BH. '>88Ue appCaTS tO COntolll mUClIl It 18 

sTAiKSD DEKPLT BT NITRATE OF 8ILVEB. prccipitatcd aud reudcrcd cloudy by 
(B. A. &) 340 DIAMETERS. acctlc acld. It becomes stained brown 

when treated with nitrate of silver and 
afterwards exposed to the light, in this respect resembling the intercellular substance 
of an epithelium. The cells of the tissue lie imbedded in it, either in shallow pits 
on the surface, or in spaces— ce/^«^wpcc5— entirely enclosed by the ground-substance, 
the spaces being for the most part rather larger than the contained cells, with 
which, however, they correspond on the whole in shape. These cell-spaces {Safi- 
handlchen of Recklinghausen, lymphatic canalimli of Klein and Burdon-Sanderson) 
are brought into view when the tissue is stained with nitrate of silver, for they then 
look white upon the brown ground (fig. 258). 

White Fibres. — When examined under the microscope both the areolar and 
fibrous tissues appear to be principally made up of exceedingly fine, transparent, and 
homogeneous filaments, from about -^y^ to ^TOwtt of an inch in thickness, or 
even lei» (fig. 250). These are seldom single, being mostly united by means of a 
small and usually impei-ceptible quantity of the ground-substance into bundles and 
filamentous laminae of various sizes, which to the naked eye appear as simple threads 
and films. Though the bundles may intersect in every direction, the filaments of 
the same bundle run nearly parallel to each other, and no one filament is ever seen 
to divide into branches or to unite with another. The associated filaments take an 
alternate bending or waving course as they proceed along the bundle, but still 
maintain their general parallelism. This wavy aspect, which is very characteristic 
of these filaments, disappears on stretching the bundle, but returns again when it is 
relaxed. 
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The filaments just described, though transparent when seen with transmitted light 
under the microscope, appear white when collected in considerable quantity and 
seen with reflected light ; they are doubly refracting and, therefore, appear bright 
when viewed between crossed Nichol's prisms. Acetic acid causes them to swell up 
and become indistinct. When the tissue is boiled in water the white fibres are 
resolved into gelatine. They are not digested by trypsin. 





«. ocn -a Fig. 260. —Elastic fibres op oonhec- 

Fig. 269. — Filaments of areolar tissue, in larger and * ^^^^ tissue 

SMALLER BUNDLES, AS SEEN UNDER A MAQNIFTINQ 

POWER OF 400 DLAMETER8. (Shaipcy. ) (From the subcutaneous tissue of the 

rabbit) 

Elastic Fibres. — Occurring both in the areolar and fibrous tissue, and com- 
posing the greater part of the so-called elastic connective tissue, fibres of a different 
nature from those just considered are found — these are the elastic fibres. When 
collected in considerable quantity they have, as before stated, a yellowish colour, 
but when seen singly their yellow colour does not appear ; they can, however, 
always be recognised by the following characters. When viewed under a tolerably 
high magnifying power, they appear homogeneous and highly refracting, with a 
remarkably well-defined outline. They may run nearly straight, but may 
follow a somewhat bending course, with bold and wide curves, unlike the small 
undulations of the white connective filaments. As they proceed they divide into 
branches, and join or anastomose together in a reticular manner (figs. 260, 262). In 
some parts the elastic networks are composed of fine fibres with wide meshes ; 
in other parts the elastic fibres are larger and broader and the intervening spaces 
narrower, so that the tissue may even have a lamellar character and present the 
appearance of a homogeneous membrane, which may be either entire, or with gaps or 
perforations at short intervals, in which case it constitutes the fenestrated membrane of 
Henle, found in the coats of the blood-vessels. A character which elastic fibres exhibit 
in many specimens, is a tendency to curl up at their broken ends (figs. 260, 261) ; 
and these ends are not pointed, but abruptly broken across. Their size is very various ; 
the largest in man are nearly tjAto th of an inch in diameter, the smallest perhaps not 
more than TT5ir5*b. In some situations the larger sized fibres prevail ; this is the 
case with the ligamenta subflava, where their general diameter is about -rsVoth of 
an inch ; in other instances, as in the vocal cords and in many parts of the areolar 
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tissue, the elastic fibres are exceedingly fine. In some animals elastic fibres are mei 

with TWo^h 0^ &^ i^ch ^^ thickness. In shape they 
are not cylindrical but angolar, as is well seen in 
transverse section (fig. 266). 

In certain portions of the areolar tissue, as for 
instance in that which lies under the serous and 
mucous membranes of particular regions, the yellow 
or elastic fibres are abundant and large, so that they 
cannot well be overlooked ; but in other parts and in 
the fibrous tissue, they are few in number, and small, 
and are then in a great measure hidden by the white 
filaments ; in such cases, however, they can generally 
be rendered conspicuous under the microscope by 
means of acetic acid, which causes the white filaments 
to swell up and become indistinct, whilst the elastic 
fibres not being affected by that re-agent, come then 
more clearly into view. 

Watery eolations of magenta and many other aniline dyes 
stain elastic fibres very intensely. Elastic fibres do not yield 
gelatine on boiling. They are composed of a substance 
named elaxtin^ which is enclosed in a membrane or sheath 
(Schwalbe). This membrane resists the action of digestive 
ferments, and alM> that of acids and alkalies, which break 
the elastin up into globules and eventually dissolve it (Pf euffer, Mall). According to Mall 
this membrane is chemically similar to the reticulum of retiform tissue. 

Many observers have described transverse striation in elastic fibres (see fig. 265), especiaUy 
in those that have been long macerated. It is not improbable that appearances of transverse 




Fig. 261. — Elastic fibres from thb 

LIOAMKNTA SUBFLAYA ; XAGNI- 
FIKD ABOUT 200 DIAXETKBS. 

(Sharpey.) 




Pig. 262. — SUBCUTAKKOUS AREOLAR TISSUE FROM A TOUNQ RABBIT. HlQHLT MAQMIFIS1>. (E. A. 8.) 

The figure shows the appearance of the tifsue examined perfectly fresh in a preparation made by 
the demi-dessication method and moistened only with lymph. 

The white fibres are in wavy bundles, the elastic fibres form an open network, p, p, vacuolated 
cells (plasma cells) ; ^, granular cell ; c,r, branching lamellar cells ; c', a flattened ceU of which only 
the nucleus and some scattered granules are visible ; /, fibrillated cell. 

Drawn under Zeiss' 2 mm. apochromatic homogeneous-immersion objective, and No. 8 compensating 
eyepiece. 
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striation, and also the tendency which the elastic fibres show to break across (seldom or never 
splitting longitudinally), are indications of the original formation of the fibres as rows of 
isolated particles, which subseqaently become fused together. 

In areolar tissue the bundles of white fibres intercross in all directions 
(fig. 262), and" exhibit every degree of Gurvatm-e. The bundles are very 
variable in size, the number of filaments in a bundle presenting a corresponding 
variation ; and the laxity or density of the tissue depends chiefly upon the size of the 
bundles and the closeness with which they are packed. 

The elastic fibres of areolar tissue run in the ground-substance between the 
white bundles, but when the latter are large and occupy almost the whole of the 
tissue the elastic fibres often appear to lie upon the surfaces of the bundles, and we 
even see here and there what appears to be an elastic fibre winding 
round one of these bundles, and encircling it with several spiral 
turns. When acetic acid is applied, the fasciculus swells out between 
the constricting turns of the winding fibre, and presents a highly 
characteristic appearance (fig. 263). This remarkable disposition of 
the elastic fibres, which was pointed out by Henle, is not uncommon 





Pig. 263. — ^BUHDLS OF WHITK FIBRKS OF CONKBCTITK TI8STTK 8W0LLKH BY AOKTIO ACID. (Toldt.) 

From the subarachnoid tissue at the base of the brain. 



Fig. 264.— Part of a xodkratilt laroi tendon in transvkrss 

a, areohir sheath of the tendon, with the fibres for the most i>art ninni^^pbaversely, but with two 
or throe longitudinal bundles, b ; l^ lymphatic cleft in the sheath ; immeduM^ over it a blood-vessel is 
seen cut across and on the other side of the figure a smaU artery is shown cut longitudinally ; c, large 
septum of areohir tissue ; d, smaUer septum ; e, still smaller septum. The irreguhurly stellate bodies 
are the tendon cells in section. 
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in certain parts of the areolar tissue ; it may be always seen in that which 
accompanies the arteries at the base of the brain. It must be observed, however, 
that the encircling fibre sometimes forms not a continuous spiral, but several 
separate rings. In such a case the appearance may be explained on the supposition 
that the bundles in question are naturally invested with a delicate sheath, which, like 
the elastic tissue, resists acetic acid, but, on the swelling up of the bundle under 
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the operation of that agent, ig rent into shreds or segments, mostly annular or spiral, 
which cause the constrictions. In other cases the union of branches of the cells 
around a bundle may be the cause of the appearance. 

The areolae, or interstices of the areolar tissue, are intercommunicatftig cleft-like 
spaces between the bundles and laminae. They are not present in the immature 
tissue, in which the ground-substance is continuous through- 
out, but as the matrix becomes fibrillar the areolae are formed, 
probably by the liquefaction of ground-substance. 

In fibrouB tissue the bundles of white filaments run 
parallel, cohering very intimately. They either run all in 
one direction as in long tendons, or intersect each other in 
different planes as in some aponeuroses, or they take various 
directions and decussate irregularly with each other as in the 
dura mater. And when they run parallel to each other, as 
in tendon, they do not keep separate throughout their length, 
but send off slips to join neighbouring bundles and receive 
the like in turn ; so that successive cross-sections of a tendon 
or ligament present different figures of the sectional areas of 
the bundles. A sheath of dense areolar tissue covers the 
tendons and ligaments on the outside (fig. 264, a), and a 
variable amount of the same tissue (d, e) lies between the 
fasciculi into which the smaller bundles are grouped, sepa- 
rating them from one another, and also occurring, in greater 
amount, between the largest fasciculi (c). It is in these 
areolar tissue septa that the blood-vessels and lymphatics of 
a tendon or ligament run. 

The surface of a tendon or of any other part consisting 

texture, appears marked across the direction of the 

with alternate light and dark streaks which give it 

ar aspect, not unlike that of a watered ribbon. This 

nee is owing to the wavy course of the filaments, for 

when the light falls on them their bendings naturally give 

rise to alternate lights and shadows. 

The fibrous and areolar tissues thus agreeing in their 
ultimate structure, it is not to be wondered at that sometimes the limits between the 
two should be ill-defined, and that the one should pass by inconspicuous gradations 

into the other. Instances of such a transition 
may be seen in many of the fasciae : these 
at certain parts consist of dense areolar tissue, 
but on being traced iarther are seen gradually 
to become fibrous ; and fasciae, which in one 
body are areolar in character, may be decidedly 
fibrous in another. 

In the elastic tissue, there is a great 

proportionate development of the elastic fibres, 

the white bundles being relatively few and 

indistinct, but considerable variation is met 

with in the proportion of the two kinds of 

elements. The white bundles are, for the 

most part, disposed irregularly and course in 

different directions, as in areolar tissue ; but, in some elastic ligaments, there are 

bundles of white fibres, which run as in an ordinary ligament parallel with one 

another, and from end to end of the structure. The elastic fibres in an elastic liga- 




Fig. 265. — Elastic fibres 
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Fig. 266. — Cross- SECTION of elastic fibres 

FROM THE LIGAXKNTUM BUCHJf OF TBB 

OX (drawn by T. P. Gostling.) 
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ment, are collected into smaller and larger groups or bundles (fig. 266), which are 
separated from one another by septa of the white tissue, but the latter also penetrates 
l>etween the individual elastic fibres of the group. 

The cellff or corpuBcles of connectiTe tiBsue. — Three kinds of cells may 
be distinguished in connective tissue, and these may provisionally be termed the 
Jtaiiened or lamellar, the granular, and the vacuolated or plastna-cells. They are all 
imbedded in the ground-substance, occupying the cell-spaces previously mentioned. 

The flattened or lamellar cells (fig. 262, c, c and fig. 267), are often applied to the 
surfaces of the bundles of white fibres. Where three or more bundles come into 

Fig. 267. — ^Two coniiectitb 

Tissue CORPUSCLES FROM 
THl SUBCUTANSOUS CONNBC- 
TIVl TISSUE ; HIGHLY UAQ' . 
9IFIBD. (E. A. S.) 

The dark streak belov I, 
in tbe right hand corpuscle, 
is a lameUa which happens to 
be projecting towards the ob- 
server and is seen in optical 
section. 

apposition, the cells may extend between the several bundles, and they then consist 
of not one lamella, but of two, three, or more which fit in between the bundles, the 
body of the cell occupying the larger interstice. This is most marked in fibrous 
tissue, but is also seen in dense areolar tissue. The cells in some parts are united 







Fig. 268.— Ramified conkectivb tissue corpuscles. (K A. S.) 250 diameters. 
(From a preparation stained with chloride of gofd.) 

Fig. 269. — Epithelioid A5d ramified cell-spaces of coenectite tissue. (B. A. S.) 

840 diameters. 

(From a preparation stained with nitrate of silver.) 

The nuclei of the cells are indicated. 

by their edges into patches, after the manner of an epithelium ; in other cases, a 
union takes place by means of branching processes^ so that the cells form a kind of 
network throughout the ground-substance, and a corresponding network is of course 
formed by the spaces in which the cells lie (figs. 268, 269). These flattened 
connective tissue corpuscles are composed of clear cell-substance, with but a few 
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minute granales scattered through it ; they have a large oval nucleus with a fine 
intra-nuclear network and nucleoli. 

In many membranous forms of connective tissue, the flattened cells form an 
epithelial-like covering to the surfaces of the membrane or membranes (fig. 270), and 
may even complete the latter by bridging over any gaps existing between the 
bundles of fibres forming the membrane. Such epithelioid tracts may be of 
considerable extent. It is often observable, that the cells at the margin of the 
patch have processes at their free border, which are connected with the ordinary 
scattered cells of the tissue (see fig. 269). 

Oranular cells. — Besides these flattened cells with fine granules, other cor- 
puscles are met with in the connective tissue, which are more decidedly granular 
(fig. 262, g)y having actual distinct, somewhat coarse, granules in their protoplasm. 
Although they were classed along with the vacuolated cells, next to be described, by 




Fig. 270. — Epithklioid oklls ov connbctivs tissuk. From thb surfaob of an apokkukosib 

TRKATBD WITH KITRATB OF HILYBR. IIiaULT MAOXIFIBD. (E. A. S.) 

Waldeyer, under the name of plasma-cells, they are perfectly distinct elements, and 
it will be better therefore to reserve the name " plasma-cells " for the vacuolated 
corpuscles, and to employ the name of granular cells for these, which ai-e filled with 
obvious granules. The granular cells are especially abundant near the blood-vessels, 
and they also occur in large number in areolar tissue in which fat is to be deposited. 
The gi'anules are of an albuminous nature ; they stain deeply with eosin* and with 
many aniline dyes. These cells vary much in size and shape ; many are spheroidal, 
but they may be branched or even flattened. Their nuclei are round or oval. 

The plasma-cells (fig. 262, p, p,) are distinguished from the lamellar and granular 
cells by the extreme vacuolation of their cell-substance. The protoplasm between the 
vacuoles is clear, but may contain a few fine dark granules. The fluid which occupies 
the vacuoles is presumably of the nature of lymph or blood-plasma : it is less 
refracting than the substance of the protoplasm. It is not contained in the meshes 
of a spongioplasmic network but is in distinct vacuoles. These plasma-cells are 
frequently elongated and they may have short branching processes but they are seldom 

' Hence termed ** eoeinophile cells" by some authors. The same term has also been applied by 
Shrlich to those leucocytes which have obvious granules, staining with eosin (see p. 213). 
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or never simply spheroidal like the granular cells. Cells of the same nature but with 
larger and more conspicuous yacuoles are met with in situations where capillary 
blood-vessels are about to be formed (see Development of Blood-vessels). 

Cells are occasionaUy obeerved in areolar tissue in which nothing bat a naclens and a few 
scattered granules around it are visible (fig. 262, c). These are perhaps the remains of corpuscles 
which are in process of disintegration, but nothing is definitely known as to the removal and 
regeneration of the cells of connective tissue, nor as to the genetic connection, if any, existing 
between the several kinds of cells met with in the tissue. The three kinds of cells above 
described all belong to the so-called " fixed cells " of the connective tissue. The " migratory 
celle," which are occasionally seen in areolar tissue, are identical with the pale blood- or 
lymph-oorpuscles. 

In areolar tissue all the varieties of connective tissue cells above described occur. 
They have no very definite arrangement. Both the cells and the spaces in which 
they lie may inter-communicate by their branches, and in this way it often happens 
where the tissue is thicker, that the system of cells and cell-processes, and of 
corresponding canals, may effect a communication between the superficial and 
deeper parts of the tissue. The cells of areolar tissue are also connected with the 
flattened cells which line the smaller blood-vessels and lymphatics, and by means of 
this connection, and the continuity of the c^U-spaces of the tissue, channels are 
provided for the flow of blood-plasma from tiie blood-vessels or towards the 
lymphatics. In addition to 
this, no doubt some of the 

plasma or lymph may soak .^:-^£^^i'^-^^^-f^t?:2fii:'i^\ir:-ji;^ . 
through the ground-sub- 
stance, or find its way through 
the lacunar interstices (are- , .sa:^!^^ _ 
olae) of the tissue. 

In fibrous tissue (tendon : --- — -^^-^^^ ,^ 

and ligament), the cells, which - ~ ^ ^^ 

are often called ** tendon- pjg 271.— Tendon of mouse's tail, stained with loowood ; 
cells,'* are all of the flattened showinq chains of cells between the tendon- bundles. 
or lamellar variety. They ^75 diameters. (E. A. S.) 
follow the parallel arrange- 
ment of the fibre-bundles, and are disposed in rows or chains (fig. 271), which 
may be easily seen if a very fine tendon, such as those in the tail of the mouse or 
rat, or a portion only of a larger one is examined under the microscope, and a little 
dilute a cetic ac id is cautious ly added. A peculiar shape is impressed upon these 
cells by the' close packing oi the tendon bundles, for although they may look quad- 
rangular or oblong when the tendon is viewed longitudinally (figs. 271, 274), yet 
when it is cut across, they have a stellate appearance (figs. 264, 273), for like other 
flattened connective tissue cells, they send lamellar extensions into the interstices 
between the contiguous bundles, whilst the middle of each cell, containing the 
nucleus, lies in the angular space between three or more bundles. When the tendon- 
cells are viewed longitudinally, any of the lamellar extensions, which are directed 
either towards or away from the observer, appear as lines on the surface of the cell 
(fig. 274). The same appearance is often seen upon the flattened cells of the denser 
forms of areolar tissue, where the cells have been squeezed in between three or more 
bundles. 

Each tendon-cell consists of a delicate protoplasmic body, thicker at the centre 
and thinning off in the extensions, and containing a flattened, round or oval, clear 
nucleus, with an intranuclear network and several nucleoli. The ends of adjacent 
cells are in close apposition, and form, as before noticed, long chains of cells in the 
tendon, and the nucleus is generally so situated towards one end of the cell as to be 
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in close proximity to the nnclens of an adjacent cell ; thej thus present the appear- 
ance of being arranged in pairs (fig. 274). Here and there a third nucleus, with a 
small amount of protoplasm, maj be seen interpolated between two such cells. 

The lamellar extensions of the cells do not always end with an even line, but are 
themselves often prolonged into fine branches, which penetrate still further into the 
ground-substance which separates the fibre-bundles of the tendon from one another. 

In the pure elastic UasuBy such as that which constitutes the ligamentum nuchse 





Fig. 272. — Cell-spaoks of tehdon of mouse's tail, brought iitto view bt treatxbkt with 

NITRATE OF SILVER. 175 DIAMETERS. (B. A. S.) 

Fig. 278. — Transverse section of tendon of mouse's tail stained with logwood. 175 diameters. 

(E. A. S.) 

The flattened processes of the tendon-cells (which are stained 'deeply by logwood) appear in section 
as lines, frequently coming off at right angles from the body of the cell. The bandies of fibres are not 
represented ; they are very irregular, and but incompletely separated by the cell-processes. 

in animals and the ligamenta subflava in man, it is generally stated that cells are 
altogether absent. Schwalbe finds on the contrary numerous flat connective tissue 




Fig. 274. — Eight cells from the same tendon as represented in fig. 271. Magnifiid 425 

diameters. (B. a. S.) 

The nuclei, with their numerous nucleoli, were deeply coloured by the logwood. The dark lines on 
the surface of the cells are the optical sections of lamellar extensions directed towards or away from the 
observer. ^ 

cells scattered in the ground-substance which lies between the elastic fibres ; the cells 
being often in close apposition with the elastic fibres, but never in continuity with 
them, as has been described by some authors. 

VeMela and nerves. — Blood-vessels, lymphatics, and nerves are everywhere 
conveyed in the areolar tissue to the places where they are to be distributed, 
but very few blood-capillaries are destined for the tissue itself, although abun- 
dant lymphatic networks are present in many parts ; especially in the subcutaneous, 
subserous and submucous tissues. It is uncertain whether nerves terminate in the 
areolar tissue. It may be cut in a living animal apparently without giving pain, 
except when the instrument meets with those branches of nerves which traverse the 
tissue on their way to other parts. 

The fibrous tissue receives blood-vessels, but in general they are inconsiderable 
both in number and size compared with the mass of tissue to which they belong. 
In tendons and ligaments with longitudinal fasciculi, the chief branches of the 
vessels run parallel with and between the larger fasciculi, and, sending communi- 
cating branches across them, eventually forming a very open network with large oblong 
meshes. Some fibrous membranes, as the periosteum and dura mater, are much 
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more yascolar ; but the vessels seen in these membranes do not strictly belong to 
them, being destined for the bones which they cover. ' 

Lymphatics are contained in great abundance, as Ludwig and Schweigger-Seidel 
showed, in the enveloping areolar-tissne sheaths of tendons and aponeuroses, where 
they form plexuses with polygonal meshes. In addition to these, a close network of 
lymphatic vessels with elongated meshes may be injected in the deeper parts of the 
tendons, where they run in the penetrating areolar tissue. Sometimes, as in the 
central tendon of the diaphragm, lymphatic spaces separate the tendon bundles from 
one another. A connection no doubt subsists between these lymphatics and the cell- 
spaces of the fibrous tissue : and it has been suggested that the lymphatic vessels of 
the tendons are partly concerned in the removal of lymph from the skeletal muscles, 
which themselves lack true lymphatic vessels. 

The penetrating areolar tissue of tendons, like the same tissue elsewhere, possesses 
areolsB, which here take the form of elongated clefts, and these may also partly serve 
for the passage of lympL 

Many tendons and ligaments, and some fibrous membranes, have been shown to 
possess nerve-fibres, which course for the most part in a direction parallel with the 
fasciculi and may terminate in a special manner within these tissues, as will be 
noticed when the peripheral distribution of nerves is described. 

As to elastic tissue, the yellow ligaments, which contain this in its purest form, 
are but scantily supplied with blood-vessels, those that are present running in the 
interstitial areolar tissue between the elastic bundles. The lymphatic vessels also 
course for the most part longitudinally in the interstitial areolar tissue, being con- 
nected here and there by transverse branches, and in addition to these vessels the 
lymph may be conveyed by means of the elongated areolsB of the same tissue. 
Neither blood-vessels nor lymphatic vessels actually penetrate into the small bundles 
of elastic fibres, although the lymphatic vessels often lie close against the surface of 
the bundles. 

ADXPOSB TIBBU2. 

The human body in the healthy state contains a considerable amount of fatty 
matter of different kinds. It exists in several of the secretions — in some constitu- 
ting the chief ingredient ; and it enters into the composition of many of the 
textures. But by far the greater part of the fat of the body is inclosed in cells of 
the areolar tissue, which, together with the fibres and blood-vessels which pass 
between them and serve to bind them together, constitute the adipose tissue. 

Bistribution. — ^This tissue is not confined to any one region or organ, but 
exists very generally throughout the body, accompanying the still more widely dis- 
tributed areolar tissue in most, though not in all parts in which the latter is found. 
Still its distribution is not uniform, and there are certain situations in which it is 
collected more abundantly. It forms a considerable layer underneath the skin, and, 
together with the subcutaneous areolar tissue in which it is lodged, constitutes in 
this situation what has been called the panniculus adiposus. It is collected in large 
quantity round certain internal parts, especially the kidneys. It is seen filling up 
the furrows on the surface of the heart, and imbedding the vessels of that organ 
beneath its serous covering ; and in various other situations it is deposited beneath 
the serous membranes, or is collected between their folds, as in the mesentery and 
omentum, at first generally gathering along the course of the blood-vessels and at 
length accumulating very copiously. Collections of fat are also common round the 
joints, lying on the outer surface of the synovial membrane, and filling up in- 
equalities ; in many cases lodged in folds of the membrane, which project into the 
articular cavity. Lastly, the fat exists in large quantity in the marrow of bones. 

VOL. I. . » . 
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On the other hand, there are some parts in which fat is never found in the healthy 
condition of the body. Thus it does not exist in the subcutaneous areolar tissue of 
the eyelids and penis, nor in the lungs except near their roots, nor within the cavity 
of the cranium. 

Stmotxire. — ^When subjected to the microscope, the adipose tissue is seen to 
consist of small vesicles, filled with an oily matter, and for the most part lodged in 

Fig.275. — A SMALL FAT-LOBULE 
FROM THB 8UBCUTAKB0US 
TISSUE OF THE OUIKEA-PIO, 
MAGNIFIED ABOUT 20 DLi- 
MBTEK8. (E. A. S.) 

a, small artery distributed 
to the lobule ; v, small vein ; 
the capillaries within the lo- 
bule are not visible. 

the meshes of the areolar 

tissue. The vesicles are 

most commonly collected 

into little lobular clusters 

(fig. 275), and these again 

into the little lumps of fet which we see with the naked eye, and which in some 

parts are aggregated into round or in'egular masses of considerable magnitude. 

Sometimes the vesicles, though grouped together, have less of a clustered arrangc- 

Fig. 276.— A FEW CELLS FBOM 
THE MARGIN OF THE FAT- 
LOBULE BEPRSSEKTED IK 
THB PRBCBDINO FIGURE : 
HIGHLY MAGNIFIED. 

. (E. A. S.) 

/. g^ fat globule distending 
<i fot-cell ; n, nucleus ; m, 
membranous envelope of the 
fat-cell ; c r, bunch of crystals 
within a fat-cell ; c, capiUary 
vessel ; v, venule ; e t, con- 
nective tissue cell ; the fibres 
of the connective tissue are 
not represented. 

ment ; as when they 
collect alongside of the 
minute blood-vessels of 
thin membranous parts. 
In well - nourished 
bodies the vesicles or 
fat-cells are round or 
oval (fig. 276) unless where packed closely together, in which case they acquire an 
angular figure, and bear a striking resemblance to the cells of vegetable tissues. 
The greater number of them are from ^th to e^^h of an inch in diameter, but 
many exceed or fall short of this measurement. Each one consists of a very delicate 
envelope (m), inclosing the oily matter, which, completely filling the envelope, 
appears as a single drop (/. g). It often happens that a part of the fatty contents 
solidifies in the cell after death, forming a bunch of delicate needle-shaped crystals 
(fig. 276, cr). 

The envelope is the remains of the original protoplasm of the cell : it is generally 
quite transparent, and apparently homogeneous. According to some authorities it 
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GonsistB of two parts, a delicate structureless external membrane, and a layer of 
finely granular protoplasm immediately surrounding the fat The nucleus (n) is 
always present in the protoplasm, but is often so flattened out by the pressure of the 
inclosed oil-drop as to be visible only with difficulty. 

The areolar tissue connects and surrounds the larger lumps of fat, but forms no 
special envelope to the smaller clusters ; and although fine fasciculi and filaments of 
that tissue pass irregularly over and through the clusters, yet it is probable that the 
vesioles are held together in these groups mainly by the fine network of capillary 
vessels distributed to them. In the marrow the connective tissue fibrils are but few 
in number or may, it is said, be absent altogether. 

The adipose tissue is copiously supplied with blood-Tessels. The larger 
branches of these pass into the fat-lumps, where they run between the lobules and 

Fig. 277. — Dkposxtion of fat in connective tissue cells 

OV THE NEW-BORN BAT. (B. A« S. ) 

/, /', fat-cells ; h^ hsemapoietic cell. 

subdivide, till at length a little artery and vein 

are sent to each small lobule (fig. 275, a, e;), 

dividing into a network of capillary vessels, 

which pass between the vesicles in all directions, 

supporting and connecting them. TKe Isrmpliatios of the fat are in close relation 

to the blood-vessels, accompanying and occasionally completely enclosing them as 

they enter the lobule. No nerves have been seen to terminate in this tissue, although 

Pig. 278. — Deposition of fat in oon- 

NBCTIVS tissue CELLS. (E. A. S.) 

ff a ceU with a few isolated fat- 
droplets in its protoplasm ; /', a cell 
with a single large and several minute 
drops ; /'', fusion of two large drops ; 
g, granular ceU, not yet exhibiting 
any fat deposition ; e t, flat connective 
tLssue corpuscle ; c, c, network of 
capillaries. 

nerves destined for other tex- 
tures may pass through it. 
Accordingly it has been ob- 
served that, unless when such 
traversing nervous twigs hap- 
pen to be encountered, a puncturing instrument may be carried through the adipose 
tissue without occasioning pain. 

Development. — The fat first appears in the human embryo about the fourteenth 
week of intra-uterine life. It is deposited in the form of minute granules or drop- 
lets in certain cells of the connective tissue (figs. 277, 278, /, /) : these droplets 
increase in size, and eventually run together, so as to form one large drop in each 
cell. By further deposition the cell becomes swollen out to a size far beyond that 
which it possessed originally, and its protoplasm remains as a delicate envelope 
surrounding the fat-drop. By the end of the fifth month the fat-cells have largely 
increased in number, and have become collected into small groups. 

The deposit of fat within the cells is preceded and accompanied by the formation 
of a rich network of capillary blood-vessels (fig. 278), which are produced by a 
transformation of other cells of the tissue in the manner previously described 
(p. 218). 

The fat is often deposited in the granular cells of the connective tissue, these 
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being usually found in great abundance in those situations in which fat is becoming 
developed (fig. 278). Sometimes, however, the deposition takes place in the flattened 
connective tissue cells (fig. 277,/), or in cells which are apparently intermediate 
between these and the granular cells, being rounded like the latter, but consisting 
of a much clearer protoplasm (fig. 277,/'). When deposited in ramified or fiattened 
cells these acquire a spherical shape as they enlarge, in consequence of the distension 
produced by the accumulating fat. 

The &t in some parts, and especially in the serous membranes, is formed at the 
expense of pre-existing lymphatic tissue, the lymphoid cells probably becoming 
enlarged and transformed into fat-cells, whilst a considerable development of blood* 
vessels accompanies the change. A similar transformation is also witnessed in the 
thymus gland, which, in the foetus and infant, is chiefiy composed of lymphoid 
tissue, but as growth proceeds becomes wholly converted into a mass of &t. 

The superficial resemblanoe whioh adipose tissue often beaxs to many grlands, in its 
lobulated stnictnxe and the arrangement of its blood-vessels, has led some histologists to 
look apon the fat-oell as a corpuscle of specific nature, and totally distinct from any other 
kind of cell met ¥rith in the connective tissue. But aj^ainst this view it may be urged that 
the situations in which fat is deposited are, previously to its appearance, in no way dis- 
tinguishable from the rest of the areolar tissue ; that the cells in whioh it is produced are, so 
far as can be seen, the same as those which are met with in almost all parts of the areolar 
tissue ; and further, that when from any natural cause the fat is entirely removed from the 
cells of a part and not again deposited in them, the part eventually acquires all the ordinary 
characteristics of the areolar tissue. The great development of blood-vessels in adipose tissue 
is obviously related to the function which it subserves in storing up the fatty materials 
derived from the food in such a form and pituation as to be readily re-absorbed into the 
circulation when needed. Fat may be deposited in other cells besides those of connective tissue. 

FiaiOBN!!!^ 

An accumulation of coloured pigment-granules is met with in many cells of the 
animal body, but most frequently in epithelium-cells and in cells belonging to the 
connective tissue. A well-marked example of pigmented epithelium-cells in the 
human body is afforded by the black coating which forms the external layer of the 
retina of the eye, and covers the posterior surface of the iris. Pigment is also met 
with In the deeper layers of the cuticle, especially in the coloured races, in the 
cortical substance of the hairs, in certain epithelial cells of the membranous 
labyrinth of the ear, and the olfactory region of the nose. 

In the connective tissue the pigment is met with in enlarged and irregularly 
branched corpuscles which are termed pigment^salls. Such ramified cells are 
very common in many animals. In the human body cells of this description are 
found in the dark tissue on the outer surface of the choroid coat (fig. 279), in the 
iris, where they are often variously coloured, and on the pia mater covering the 
upper part of the spinal cord. Pigment is also found in some of the ramified cells 
which form part of the retiform tissue of the medullary substance of lymphatic 
glands, and occasionally in some of the similar cells of the spleen. It may also be 
seen in migratory cells, and these are believed to carry the pigment to the epithelial 
structures in which it is deposited. 

The pigment (melanin) which is contained within the cells, consists of black or 
brown granules or molecules of a round or oblong shape, and almost too small 
for exact measurement. These molecules are densely packed together in some 
cells ; in others they are more scattered, and then it may be seen that there is a 
certain amount of colourless matter included along with them. When they escape 
from the ruptured cells, they exhibit very strikingly the ** Brownian " molecular 
movement ; and in consequence of this movement the apparent figure of the 
particles is subject to change. It is worthy of remark, that when viewed singly with 
a very high magnifying power they look transparent and almost colourless, and it is 
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only when they are heaped together that their dark colour distinctly appears. The 
nucleus of the pigment-cell is not coloured, but is very often hidden from view by 
the black particles. 

In the lower animals remarkable movements are offcen observed in the ramified 
pigment-cells, e.g.^ those of the frog's skin. In these the dark particles of pigment 




Fig. 279.— A SMALL PORTION OP THB CHOROID COAT OP THE KTR : HIQHLT XAQMIVIID. (E. A. S.) 

I>, pigment-cells ; /, elastic fibres ; n, nuclei of epithelioid cells (the outlines of the cells are not 
indicated) ; l^ lymphoid cells. 

are at one time dispersed through the whole cell and its branches, but at another 
time they gather into a heap in the central part, leaving the rest of the branched 
cell vacant, but without alteration of its figure. In the former case the skin is of a 
dusky hue ; in the latter, pale. The aggregation of the pigment-molecules can be 
excited through the nerves, both directly and also in a refiex manner, as by the 
stimulus of light upon the retina. 



BXTIFORIC OB BXTICUIiAB TISSX7X. 

This is a distinct variety of conn^iv^Hissue which is met with widely dis- 
tributed in various parts of the bo^lf^tbiistkuting the whole fi*ame\^rk of some 
organs and entering largely into the coifl^ilution of many mucous membranes. It 
is composed of a very fine network or^ticulum of connective-tissue fibrils, which 
in their behaviour to staining reageoto and in their general microscopic appearance 
closely resemble the white fibres of areolar tissue, with which, in the lymphatic glands, 
they are undoubtedly continuous. In their chemical character they are, according 
to Mall, more nearly allied to elastic fibres, or rather with the membranes of the elastic 
fibres. However this may be, it is nevertheless clear from its anatomical continuity 
with the white fibrils of connective tissue that the retiform tissue is merely a variety 
of areolar tissue, being formed of very fine anastomosing bundles, with the meshes 
of the network occupied by fluid ; the ground substance having disappeared. In 
most situations the fixed cells of the tissue ai*e applied to and are wrapped round 
the strands of the network, which may thus be in great measure concealed by the 
cells. The tissue then appears formed of a network of branching and anastomosing 
cells, and was for a long time so described, but if the cells are brushed away or 
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otherwise removed, as by a short treatment with dilute alkali, the fibres of the 
reticulum come clearly into view (figs. 280, 281). The true structure of this tissue 
was first pointed out by Bizzozero. 

In many situations the meshes of the retiform tissue are occupied by numerous 
corpuscles which closely resemble the pale blood- or lymph-corpuscles, but have a 




Fig. 280. — Kktigulum from thk xbdullabt part of a lymphatic olamd. (K A. S.) 

<r, end of a trabecule of fibrous tissue ; r, r, open reticulum of the lymph-path, continuous with the 
fibrils of the trabecula ; /, /, denser reticulum of the medullary lymphoid cords. The cells of the 
tissue are not represented, tlie figure being taken fiom a preparation in which only the connective tissue 
fibrils and the reticulum are stained. 



relatively larger nucleus, and less protoplasm than those. They are known as 
lymphoid cells, and the tissue containing them is termed Isrmplioid or adenoid 
tissue. This tissue is found composing the greater part of the lymphatic glands, 

Fig. 281. — EUD OF A FIBROUS TRABECULA 
FROM THK SAMB PREPARATION, SHOWING 
THK CONTINUITY OF THE CONNECTIVE 
TISSUE FIBRILS WITH THE RETICULUM: 
HIOHLT MAGNIFIED. (E. A. S.) 

<r, trabecula ; r, reticulum. 

and other structures allied to them, 
such as the solitary and agminated 
glands of the intestine, and the simi- 
lar structures in the tonsils and 
elsewhere. Moreover, the alimentary 
mucous membrane is in some parts 
lljv-l^mposed of the same tissue, and 
• "^^ it occurs also in other mucous mem- 
W branes and, in the form either of elon- 
gated tracts or of isolated nodules, in many prints of the serous membranes. In the 
spleen, the interstices of the retiform tissue are for the most part occupied by blood, 
instead of by lymph as elsewhere. In organs into the construction of which this 
tissue enters, it serves as a supporting framework to those parts of the organ into 
which connective tissue of the ordinary kind does not penetrate. 




DXVXIiOPMXNT OF OONNXCTIVa TISSX7X. 

Those parts of the early embryo in which connective tissue is subsequently to 
be developed, are at first composed entirely of embryonic cells, to all appearance 
similar to those which constitute the mesoblastic layer generally. It is, however, 
believed by many authorities that in their origin the cells which form the connective 
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tissnes and the vessels are esentially different from those which produce the other 
tissues, and that they have wandered in between the other cells of the mesoblast 
fix>m the peripheral part of the blastoderm (parablast-cells of His, mesenchyme cells 
of Hertwig. See Embryology, pp. 25-27). 

The mesoblast cells which are concerned in the formation of the connective 
tissues are at first rounded in shape, and loosely packed, and exhibit amoeboid 
movements when examined on the warm stage. Subsequently they become 
irregularly ramified and tend to unite with one another so as to form a kind of cell- 
network with open interstices. These interstices are at first occupied by an albu- : 
minous fluid which later acquires a mucous or muco-albuminous character and /( 
becomes more consistent : it may now be spoken of as the ground-substance or 
matrix. 

In this ground-substance fibres become developed of the two kinds, white and 
elastic, but the manner in which they are formed is by no means clear ; and two 
distinct and opposed views are held by histologists upon the subject. According to 
the one view, the bundles of white fibrils are produced by a direct conversion 
of the protoplasm of some of the cells, the others remaining as the permanent con- 
nective tissue corpuscles ; or the permanent corpuscles represent embryonic cells, 
layers of whose protoplasm have been successively converted into fibrillar tissue, the 
cells, meanwhile, after each such conversion, growing again to their original size. 

Fig. 282. — Dbtelopmknt op elastic tisscr 

BT DEPOSITION OV WISK OBANULES. 

(Ranvier. ) 

g, moniliforin fibres formed of rows of 
'* elastin " granules ; p, flat platelike expan- 
sion of elastic substance formed by the fusion 
of *' elastin ** granules. 

and at length remaining in contact 
with the bundle of fibres which 
they have assisted to form. Simi- 
larly the elastic fibres are believed 
to be formed of the processes of 
some others of the embryonic cells, 
which become connected with pro- 
cesses of neighbouring cells, and undergoing a chemical transformation, produce the 
networks of elastic fibres. According to the other view the fibres, both white and 
elastic^ are formed by a deposit in the intercellular substance, and not by a direct 
change of the protoplasm of the cells, with which indeed they are not connected ; 
although it is not excluded that the deposition may in some way or other be 
influenced, or even caused by the pre-existing cells. 

In favour of the former view is the fact that in young connective tissue there are 
sometimes to be seen long cells with fibrillated protoplasm which might be regarded 
as in process of conversion into bundles of white fibrils. And various authors have 
described an apparent continuity both in young and in developed connective tissue of 
the elastic fibres with the cells of the tissue, or even with their nuclei. 

In favour of the latter view may be instanced the appearance of the jelly-like 
connective tissue of the early embryo in which the fibres of both kinds can be seen 
coursing through the jelly-like intercellular substance, apart entirely from the cells. 
In the case of the elastic fibres, these, as shown by Kanvier, appear in the form of 
rows of granules or globules, which subsequently become fused together end to end, 
and are not at any time continuous with cells (fig. 282). To form an elastic mem- 
brane, in place of being arranged in lines the globules are deposited in small patches. 
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and by their fusion the membrane is formed (p). In elastic cartilage the grannies 
first make their appearance, it is true, in the immediate neighbourhood of the 
cartilage-cells ; but although this renders it probable that the deposition of the 
granules is influenced by the cells, it does not prove that they are fornjed by a 
direct conversion of the cell-protoplasm. Indeed, the subsequent extension of the 
fibres into those parts of the matrix which were previously clear of them (a process 
which can be easily followed in the arytenoid cartilage of the calf), and in which no 
such direct conversion of cell protoplasm seems possible, is a strong argument in 
favour of the deposition hypothesis. 

The view which supposes that a direct conversion of the protoplasm of the connective 
tissue cells takes place into fibres, both white and elastic, has of late years been widely 
adopted, but it seems to rest largely upon a desire to interpret the facts in accordance with 
the conception (originally formulated by Beale and M. Schultze), according to which every 
part of an organised body consists either of protoplasm (formative matter), or of material 
which has been protoplasm (formed material) ; the idea of a deposition or change occurring 
outside the cells in the intercellular substance being excluded. It is, however, not difficult to 
show that a formation of fibres may occur in the animal organism without a direct transfor- 
mation of protoplasm, although the materials for such formation may be furnished by cells. 
Thus in those coelenterates in which a low form of connective tissue first makes its appearance, 
this is distinguished by a total absence of cellular elements, a ground-substance only being 
developed and fibres becoming formed in it. Again, the fibres of the sheU-membrane of the 
bird*s egg are certainly not formed by the direct conversion of the protoplasm of the cells 
which line the oviduct, although they are formed in matter secreted by those cells, and 
it is through their agency that the deposit occurs in a fibrous form. 

In the formation of retiform tissue the ground-substance appears to become 
entirely liquefied except where it enters into the composition of the reticulum, and 
the cells of the tissue become applied to the anastomosing fibril bundles, and by 
their union constitute a network of branched cells enveloping the network of fibrils. 




Fig. 283. — Jkllt op Whartok. (Ranvier.) 

r, ramified cells intercommunicating by tbeir branches ; Z, a row of leucocytes or migratory ceUs ; 
/, /, fibres coursing through the ground-substanoc. 

In lymphoid tissue the meshes become occupied by lymph corpuscles which may 
originally have come from the blood or lymphatic vessels, but afterwards multiply 
by cell-division. 

The jelly-like connective tissue of the early embryo persists in the umbilical 
cord until birth as the so-called jelly of Wharton (fig. 283). Elsewhere it has largely 
lost its jelly-like character in consequence of the development of fibres in the 
ground-substance, but the amount to which they are developed varies greatly in 
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different animals, and in the connective tissnes of different parts. In the vitreous 
hnmoor of the eye no fibres are developed, and the cells become for the most part 
either atrophied or much modified, and remain relatively few in number. The 
so-called jelly-lik^ connective tissue which is thus produced consists therefore almost 
entirely of ground-substance. 

Connective tissue appears to be readily regenerated, although the new cicatricial 
tissue which is formed in place of that which has been removed by the knife or by 
disease, is not always obviously of the same character, either as regards its cells or 
fibres, as the tissue it replaces. 

As to the mode of its regeneration there is still some uncertainty. It was 
believed by Cohnheim, whose views have been supported by the experiments of 
Zi^ler, that the new tissue was formed by the leucocytes (lymph-corpuscles) of 
the granulation tissue which first appears in the wound. But it is affirmed 
on the other hand by other observers that the leucocytes, although unquestionably 
the precursors of the newly-forming tissue, do not take any direct part in its 
formation, but are gradually replaced by plasma-cells of the surrounding tissue 
which also wander into the space within which the new tissue is to become formed. 
Here they produce the cicatricial tissue, either by immediate transformation of 
their protoplasm into fibrils, or by an extracellular formation in the adjacent 
ground-substance. 
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OABTHiAGE. 



This is the well-known substance commonly called "gristla" The following are 
its more obvious characters. When in mass, it is opaque and of a pearly or bluish 
white colour, in some varieties yellow ; but in thin slices it is translucent. Although 
it can be easily cut with a sharp knife, it is nevertheless of very firm consistence, but 
at the same time highly elastic, so that it readily yields to pressure or torsion, and 
immediately recovera its original shape when the constraining force is withdrawn. 
By reason of these mechanical propirties, it serves important purposes in the con- 
struction of some parts of the body. 

In the early embryo the skeleton is, in great part, cartilaginous ; but the cartilage 
forming its different pieces, which have the outward form of the future bones, in due 
time undergoes ossification or gives place to bone, in the greater part of its extent at 
least, and hence this variety of cartilage is named " temporary." 

Of the permanent cartilages a great many are in immediate connection with 
bone, and may be still said to form part of the skeleton. The chief of these are the 
articular and the costal cartilages ; the former cover the ends or surfaces of bones in 
the joints, and afford these harder parts a thick springy coating, which breaks the 
force of concussion and gives ease to their motions ; the costal or rib-cartilages form 
a considerable part of the solid framework of the thorax, and impart elasticity to its 
walls. Other permanent cartilages enter into the formation of the external ear, the 
nose, the Eustachian tube, the larynx, and the windpipe. They strengthen the 
substance of these parts without undue rigidity ; maintaining their shape, keeping 
open the passages through them where such exist, and giving attachment to moving 
muscles and connecting ligaments. 

Cartilages, except those of the joints, are covered externaUy with a moderately 
vascular fibrous membrane named the perichondrium. 

When a veiy thin slice of cartilage is examined with the microscope, it is seen to 
consist of nucleated cells, disseminated in a solid mass or matrix (fig. 285). The 
matrix is sometimes transparent, and to all appearance homogeneous ; sometimes dim 
and very faintly granular, like ground glass : both these conditions occur in hyaline 
cartilage, which may be regarded as the most typical form of the tissue. Two 
varieties exist in which the matrix is pervaded to a greater or less extent by fibres. 
In the one, named elastic or yellow fibro-cartilage, the fibres are similar to those of 
elastic tissue ; in the other, named white fi bra-cartilage, they are of the white kind as 
in ordinary ligament. 

HYAI^IKll OABTZIiAQS, 

g tr acture. — In hyaline cartilage the matrix, as just stated, is uniform, and, 
when examined fresh, usually appears free from fibres. Like the ground-substance 
or matrix of connective tissue, it becomes stained brown by nitrate of silver and 
subsequent exposure to the light. The ceUs consist of a rounded, oval, or bluntly 
angular cell-body of translucent protoplasm, embedded in which are fine curvilinear 
interlacing filaments and minute granules (fig. 284), with a round nucleus, which is 
either clear with one or more nucleoli, or, more commonly, is occupied by a network 
of chromoplasm, which produces under a low power of the microscope a granular 
effect. The cell-body lies in a cavity of the matrix, which, in its natural condition, 
it entirely fills. This cavity is bounded and inclosed by a transparent capsule, which 
is seldom obvious to the eye, for it coheres intimately with the surrounding matrix, 
with which it agrees in nature, and cannot usually be distinguished without the aid 
of re-as:ents. 
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By exposure to water and some other liquids, as well as to the action of electric 
shoc^, the cell-body shrinks away from the inside of the capsule, and assumes a 
jagged or otherwise irregular figure, and then may hide the nucleus (fig. 287). It 
often contains larger or smaller fat-globules (fig. 285, g). 

The cells of cartilage appear to contain glycogen, for 
they are coloured reddish brown by iodine (Neumann). ^i ; / 

They are rarely dispersed singly in the matrix ; most (">* ^/'f^^. ***::, ^ 
commonly occurring in groups of two or more. When ^^iik -^^■^: 
disposed in pairs (as at a, fig. 285) the cells are generally ^S^f 
triangular or pyramidal in form with rounded angles, 
and with their bases opposite one another; in fte larger Fig. 284.— A cartilage cell 
groups (J) the cells have a straight outline where they ^^ -tm^ "'''''° "^"'.a^^v 

^ ^. t^ ^ , , , , , , . - THE SALAMANDER : HIGHLY 

adjom or approach one another, but at the circumference maokified. ^Flemming.) 
of the group their outline is rounded. Towards the 

surface of the cartilage the groups are generally flattened conformably with the 
surface, appearing narrow and almost linear when seen edgeways, as in a perpen- 
dicular section (fig. 286, a). 

Various observers, and especially Tillmanns, have shown that the matrix of 
hyaline cartilage can be broken up after long maceration, and with the aid of 

Fig. 285. — Articular cartillaok from ^ 

HEAD OF METATARSAL BOKB OF MA5 
(OSMIO ACID preparation). ThE CELL- 
BODIES SNTIRELT FILL THE SPACES IN f^^ . 

THE MATRIX. 340 DIAMETERS. fe I iii , "S. *^ 

(E.A. s.) ;^w ^ ^. 

a, group of two cells ; 6, group of four '^; t^\ 

cells ; A, protoplasm of cell, with g, fatty 'Sj^ 

granules; n, nucleus. ^ 



•.m.: 
;#;■ 



pressure, into fine fibrils. Ac- '^ 

cording to Cresswell Baber, these i '^^ 

fibres are vertical to the surface 
in articular cartilage, and parallel 
with the long axis in rib cartilage. „ . - 

They are more easily seen in the %]^' \i| 

cartilage of birds than of mam- * l # ,€ 

mals. Their chemical nature is ^^ 

not very clear, nor is it certain 
how far the appearances corre- 
spond with any structure naturally - ^ <^; 
present ; but if, as Kiihne and ^ * ^ 
Merochowetz assert, gelatin and >t, * 
mucin can be obtained from the j 
matrix of cartilage, the fibres in J 
question may be chemically of the 

same nature as the white fibres of connective tissue, the mucin belonging to the 
ground-substance in which they are embedded. 

Other histologists have described a network of ezceediogly fine ramified canals penetratin^r 
the cartilage-matrix, and effecting a communication between the cell-spaces. Up to the 
present time, however, the existence of such anastomosing channels has not been conclasively 
proved, although often assumed in order to explain the manner in which nutritive plasma 
penetrates the matrix of cartilage to reach the cells. Budge endeavoured to demonstrate the 
existence of canaliculi by forcing coloured injecting fluid into the substance of cartilage, but 
the result of the experiment was not conclusive. It has also been attempted to show them bj 
the so-called natural method of injection, that is by allowing indigo-carmine (which has an 



246 HYALINE CARTILAGE. 

intensely bine colour) to mix with the circulating blood of animals, which after a time are 
killed and the cartilages examined. Proceeding in this way, Grerlach was unable to see any 
blue channels in the cartilage-matrix, while Arnold, on the other hand, obtained results from 
which he was led to infer the existence of minute cleft-like spaces throughout the matrix, 
connected by fine radiating canaliculi on the one hand with the lymphatics in the perichon- 
drium, and on the other hand with the cell-spaces of the cartilage. 

Such is the structure of hyaline cartilage in general, but it is more or less modi- 
fied in different situations. 

In articular cartilage, the matrix in a thin section appears dim, like ground 
glass, having sometimes an almost granular aspect. The cells and cell-groups are 
smaller and more dispersed, as a rule, than in rib-cartilage. As is the case also with 
the cartilage of the ribs, the groups are flattened at and near to the surface, and lie 




Fig. 286. — Ybbtical srgtion of articular cartilagb coyerino thb lower end of thi tibia 
(human). Magnified about 30 diameters. (E. A. S.) 

a, cells, and cell-groups flattened conformably with the surface ; 6, cell-groups irregularly arranged ; 
c, cell-groups disposed perpendicularly to the suiface ; d, layer of calcified cartilage ; f, bone. 

parallel with it (fig. 286, a) ; deeper and nearer the bone, on the other hand, they are 
narrow and oblong, like short irregular strings of beads, and are mostly directed 
vertically (fig. 286, c). It is well known that articular cartilages readily break in a 
direction perpendicular to their surface, and the surface of the fracture appears to 
the naked eye to be striated in the same direction, as if they had a columnar 
structure ; this may be due to the vertical arrangement of the rows of cells, or to the 
substance of the matrix being disposed in a fibrous or columnar manner (Leidy). 
It was formerly held that the free surface of articular cartilage is covered with 
epithelioid cells, but no such covering really exists. It is easy, no doubt, to peel off 
a thin film from the surface of the cartilage of the head of the humerus or femur ; 
but this superficial layer is really part of the cartilage, and its broad patches of cells 
with the intermediate matrix are not to be mistaken (fig. 287). 

Near the margin of the articular cartilages connective tissue is prolonged a 
certain way into them from the periosteum and synovial membrane, and the cartilage- 
cells acquire processes and present transitions to the connective-tissue corpuscles of 
that membrane (fig. 288). There is no sharp demarcation between the two tissues, 
which here pass continuously into one another. 

Except at this transitional zone the matrix of articular cartilage rarely 
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becomes converted into fibro-carfcilacje, nor is it prone to ossify like rib-cartilage. 
Bat a deposit of calcareoas granules may occar in the deeper parts of the 
articular cartilage near the bone, the deposit first showing itself around the 








Fig. 287. — ^A THIN LATBR PEELBD OrV VROX THE SVRVACB OV THE CARTILAGE 07 THE HEAD Of THS 
HUMERUS, SHOWINQ FLATTENED GROUPS 07 CELLS (Sh&rpey). 

The shrunken cell-bodies are distinctly seen, but the limits of the capsular cavities where they adjoin 
one another are but faintly indicated. Magnified 400 diameters. 

Fig. 288. — Border of articular cartilage showing transition or cartilage cells into connective* 

TISSUE corpuscles. FrOX head or METATARSAL BONE (hUMAN). AbOUT 340 DLiMETBRS. (B. A. S.) 

a, ordinaiy cartilage cells ; &,&, with branching processes. 

groups of cartilage cells (fig. 286, d). This change may also happen at the symphyses. 
When the earthy matter is extracted by means of an acid, the tissue which remains 
has all the characters of cartilage. 

In the costal cartilages, the cells, which are of considerable size, are also 
collected in groups, larger for the most part than those found in articular cartilage 
(fig. 289). Near the exterior of the cartilage they are flattened, and lie parallel with 




Fig. 289. — From a section of costal cartilage from the calf. Chromic acid preparation (E. A. S.)* 

The matrix is indistinctly fibroos. Two or three empty ceU-spaces are seen in the section, the oells 
having dropped ont. The cell-protoplasm is reticular. 

the surface. As to those situated more inwardly, we can sometimes observe, in a 
transverse slice, that they form oblong groups disposed in lines radiating to the 
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circumference ; but this arrangement is not constant, and they often appear quite 
irregular. The cells, with the exception of those lying upon the surface, frequently 
contain drops of oil, the nucleus being often altogether concealed by the fat The 
matrix is clear, except where fibres have been developed in it, in which parts it is 
opaque and yellowish. Such fibrous patches are very frequent ; the fibres are fine, 
straight, and parallel, appearing transparent when few together. Besides these fibrous 
patches in the interior of the rib-cartOages, the subperichondral layer is also pervaded 
by bundles of fibres which are directly prolonged from the fibre-bundles of the peri- 
chondrium and gradually lose themselves in the cartilage-matrix. There is in fact 
no sharp line of demarcation between the perichondrium and the subjacent cartilage, 
the one tissue passing by imperceptible gradation into the other. There is indeed 
reason to believe that the superficial layers of the cartilage are formed by a trans- 
formation of the fibrous tissue of the perichondrium during the growth of cartilage. 
It is not uncommon to find the rib-cartilages extensively ossified. 

The description given of the microscopic characters of the costal cartilages will 
apply with little variation to the ensiform cartilage of the sternum, to the cartilages 
of the larynx and windpipe, except the epiglottis and cornicula laryngis, and to the 
cartilages of the nose. With the exception of the last, these resemble the rib- 
cartilages also in their tendency to ossify. 

The characters of the temporary cartilages, which are hyaline, will be noticed in 
the account of the formation of bone. 

XIiASTIO OB YaiiliOW OABTZIiAaB. 

The epiglottis and cornicula of the larynx, the cartilages of the ear and of the 
Eustachian tube, differ so much from the foregoing, both in intimate structure and 
outward characters, that they have been included in a class apart, under the name of 
the " elastic," ** yellow," or " spongy " cartilages. These are opaque and somewhat 





Pig. 290. — Sbotiok of this elastic caktilaqb of thk sab. Hiohlt xaonified (Hertwig). 

Fig. 291. — Section op part of thb cabtilaob of tbb bpiolottis (Ranner). 

a, cartilage ceU in clear area ; &, granular-looking matrix near the middle of the cartilage, the 
granular appearance being due partly to the fine reticulum of elastic fibres, partly to the presence of 
granules of elastic substance in the matrix ; c, clearer matrix with longer fibres. 

yellow, are more flexible and tough than the ordinary cartilages, and have little 
tendency to ossify. They are made up of cells and a matrix, but the latter is every- 
where pervaded with fibres (fig. 290), except in a small area or narrow zone left round 
each of the cells. The fibres resist the action of acetic acid ; they are in many 
parts short, fine, and confusedly intersecting each other in all directions, like the 
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filaments in a piece of felt; in such parts the matrix has a rough indistinctly granular 
look, but sometimes this appearance is due to the fact that the elastic fibres are 
incompletely developed, the granules which are to form them having not yet run 
together into fibres. Sometimes the fibres are longer (fig. 291^ c) but they still inter* 
communicate at short distances. 

In large anioials such as the ox, where the fibres of ordinary elastic tissue attain 
a considerable size, those of elastic cartilage are also very large with comparatively 
wide meshes, occupied of course by the hyaline ground-substance. 

WUITJI FIBRO-OABTIXAOIL 

This is a substance consisting of a mixture of the fibrous and cartilaginous 
tissues, and so far partaking of the qualities of both. Like hyaline cartilage, it 
possesses firmness and elasticity, but these properties are united with a much greater 
degree of flexibility and toughness. It presents itself under various forms, which 
may be enumerated under the following heads : — 

1. Interarticular disks. These are interposed between the moving surfaces 
of bones, or rather of articular cartilages, in several of the joints. In the 
joint of the lower jaw and in that of the clavicle they have the form of round 
or oval plates, growing thinner towards the centre ; in the knee-joint they 
arc curved in form of a sickle, and thinned away towards their concave free 
edge. In all cases their surfaces are free ; while they are fixed by synovial or 
fibrous membrane at their circumference or extremities. The synovial membrane 
of the joint is prolonged for a short distance upon these fibro-cartilages, from 
their attached margin.' 

2. The articular cavities of bones are sometimes deepened and extended by 
means of a rim or border of fibro-cartilage. Good examples of these marginal 
fibrihcartilages are seen in the shoulder and hip-joints, attached round the lip of 
the articular sockets. In the joint of the lower jaw, the cartilage lining the glenoid 
cavity is also largely fibrous. 

3.. Connecting fibro-cartilagss are such as pass between the adjacent surfaces 
of bones in joints which do not admit of gliding motion, as at the symphysis 
of the pubis and between the bodies of the vertebrae. They have the general 
form of disks, and between the vertebras are composed of concentric rings of 
fibrous tissue with cartilage-cells and matrix interposed; the fibrous tissue pre- 
dominating at the circumference, the cartilaginous tissue increasing towards the 
centre. The bony surfaces which they connect are usually encrusted with true 
cartilaga^y 

4. /he bony grooves in which tendons of muscles glide are lined with a thin 
layer of fibro-cartilage. Small nodules of this tissue (sesamoid fibro-carUlages) 
may also be developed in the substance of tendons, of which there is an example 
in the tendon of the peroneus longus, and also in that of the tibialis posticus, where 
it passes beneath the head of the astragalus. 

Fibro-cartilage appears under the microscope to be made up of wavy fibres, like 
those of ordinary ligament, with cartilage-cells occupying the place, and often 
simulating the arrangement, of the tendon-cells. As in elastic fibro-cartilage, the 
cells are immediately surrounded by a part of the matrix which is free from fibres 
(fig. 292). As a general rule they resemble the cells of ordinary cartilage, having a 
rounded shape, although somewhat fiattened where the bundles of fibres are closely 
packed. 

1 It Baa been stated by several antbors tbat the interarticular disks are formed of fibrous tissue 
only, without any intermixture with cartilage. This statement is, howeyer, incorrect In all cases 
(jaw, clavicle and knee), there are unmistakeable rows and groups of cartilage-cells enclosed in capsules, 
between the bundles of white fibres. 
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In the intervertebral fibro-cartilages, many of the cartilage-cells are provided 
with long and ramified processes that extend far beyond the body of the cell. 

The proportion which the fibrons bundles bear to the true cartilage, differs 
much in different examples of this tissue. In general the fibrous tissue very greatly 
predominates, and in some cases, as in the interarticular laminse of the knee-joint, it 




Fig. 292. — Whitk fibro-cartilaob from av inrKRyiRTiBRiL disk (huxah). Hiohlt xagkified. 

(B. A. S.) 

The concentric lines around the cells indicate the limits of deposit of snccessive capsules. One of 
the ceJls has a forked process which extends beyond the hyaline area surrounding the cell, amongst the 
fibres of the general matrix. 

constitutes almost the entire structure, but cartilaginous tissue with characteristic 
cells predominates near the surfaces. In the intervertebral disks the cartilage- 
corpuscles are, as already stated, more abundant towards the central pulp than near 
the periphery, but the centre of the pulp itself does not contain cartilage-cells, but a 
reticulated cell-structure embedded in soft matrix, derived from the cells of the 
chorda dorsalis of the embryo. In all the symphyses the cartilage which is in 
immediate contiguity with the bony surfaces is hyaline. 

In the healthy state, no blood-vessels penetrate the articular cartilages. What- 
ever nutrient fluid they require seems to be derived from the vessels of adjoining 
textures, especially the bone, and to be conveyed through the tissue by imbibition. 
Towards the circumference of the cartilage, however, underneath the synovial 
membrane, the synovial vessels form a narrow vascular border round it, which has 
been named the circuits articuli vasculosus. 

When the tissue exists in thicker masses, as in the cartilages of the ribs, canals 
are here and there excavated in its substance, along which vessels are conducted for 
the nourishment of the parts too distant to receive it from the vessels of the 
perichondrium. But these canals are few and wide apart, and the vessels do not 
pass beyond them to ramify in the intermediate mass, which is accordingly quite 
extravascular. Besides blood-vessels these canals usually contain a number of cells 
resembling lymph-corpuscles, a few connective tissue corpuscles and even in places 
some connective tissue fibres. The contents of the canals are sometimes spoken of 
as " cartilage-marrow." The cartilage cells in the immediate neighbourhood of the 
canals aie disposed as at the sur&ce of the cartilage, i,e., they are flattened 
conformably to the wall of the canal. 

No nerves have been traced into any of the cartilages, and they are known to be 
destitute of sensibility. 

The matrix of cartilage is converted after long boiling into a substance termed chondrin 
which gelatinizee on cooling. This may be due however to its containing gelatine (see p. 245). 

DXVXXiOPMaNT OF GABTZULOH. 

The parts of the embryo which are to become cartilages are made up at first 
of the common mesoblastic cells from which the connective tissues generally 
originate. After a time the cell-contents become clearer, the nucleus more visible, 
and the cells, mostly of polygonal outline, appear surrounded by clear lines of 
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pellucid substance, forming as it were a network of bright meshes inclosing them, 
but in reality consisting of the cohering capsules of the contiguous cells, and 
constituting all that exists of the matrix at this time.^ Glycogen appears at an 
early period in the protoplasm of cartilage-cells. Kouget found it in the sheep's 
embryo of two months, both in ossifying cartilage and in the cartilages of the 
trachea. 

The subsequent changes consist in enlargement and multiplication of the cells 
and development of the intermediate matrix from a substance which is formed 
around and between them. The process appears to be as follows (fig. 293) : — The 
cartilage cells first divide, a species of capsule being formed round each of the 
joung cells (b), whilst the old one inclosing them becomes blended with the 
intercellular matrix, and after a time, is no longer traceable (c). The new cells, in 
turn, di\ide in the same way, so as to make a group of four, each of which is 
surrounded by its own capsule (d), whilst the capsules of the first descent 
(secondary) blend with the matrix (e) like their predecessor. 




Pig. 293. — Plan of the multiplicatiok op cells op cartilage (Sharpey). 

A, ceU in its capsale ; B, divided into two, eacb with a capsule ; C, primary capsale disappeared, 
secondary capsules coherent with matiix ; D, tertiary division ; E, secondary capsules disappeared, 
tertiary coherent with matrix. 

The four cells may each form a succession of capsules and thus become more 
separated from one another, or they may divide again and form a group of eight 
or more. It is by reason of the cells remaining in contiguity mth one another 
after the division is complete that the groups of corpuscles which are so chamc- 
teristic of cartilage are produced. 

It is doubtful how the capsule is produced ; whether excreted by the cell which 
it afterwards incloses, as held by Kolliker; or formed by conversion of a super- 
ficial layer of the protoplasm of the cell-body, as was taught by Max Schultze ; or a 
primarily independent deposit around the cells. However this may be, there is at 
first no matrix but what is made up of the simple capsules. 

In fiu*ther growth there is a difierence, according as the cells do or do not 
undergo frequent division. In the latter case a cell becomes surrounded by many 
concentric capsules formed in succession ; that is, the first capsule is expanded, 
and the others formed each within its expanding predecessor, so that the cartilage 
comes to consist of scattered cells, each with a concentric system of capsules, 
which by means of re-agents may be rendered visible in the neighbourhood of the 
cells, but further off are inseparably blended into a uniform substance. When, 
on the other hand, the cells have a tendency to frequent subdivision, the new 
capsules are produced by the new cells, and are included in and finally blend 
with those which had belonged to the previous cells, as shown by fig. 293. 

^ Cartilages, which retain this condition throughout life, have been termed *' parenchymatous." An 
example of l^bia is found in the cartilage of the mouse's ear. 

VOL. I. 8 
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The matrix, alfchongh thus formed of the capsnles, usually becomes to all 
appearance homogeneous ; but in sections of cartilage that have been exposed to 
acids and other re-agents, the contour lines of the capsules round cells and cell- 
groups may be more or less distinctly brought into view. 

The mode in which the division of the cartilage-cell takes place has been care- 
fully studied by Schleicher, and the stages of the process followed in the living 
tissue (fig. 294). The nuclear membrane first of all disappears, or is converted 
into filaments of chromoplasm. These become lost amongst the other filaments 
which result from the conversion of the nucleoli and other more solid contents 
of the nucleus. The filaments are at first short and irregular (a), and soon take on 
a stellate arrangement (b). After a time they become grouped in a parallel manner 
in the centre of the nucleus (c,d). The parallel fibres soon divide into two groups, 
which pass towards the poles of the nucleus. Sometimes the gap between the 
groups is bridged across for awhile by fine filaments. The two groups of fibres next 
undergo a gradual process of conversion into the daughter-nuclei (e-h). 

It will be seen, from the above account, that the division of the nucleus of the 
cartilage cell resembles on the whole that which has been observed in other cells, 
The mode of division of the celUsubatance is, however, different from that 




Fig. 294. — Division op ▲ cabtilaok cell (Schleicher). 

a-hf stages of division of a cell, as seen in the living cartilage of the salamander (the connection of 
the nacleoplasmic filaments could not be made out in the fresh condition), a, &, stellate phase ; 
c, (f, commencing separation of the nucleo-plasmic filaments ; the further stages of separation are not 
represented ; e, filaments fully separated into two groups, and a septum beginning to be formed between 
them ; /, septum completed, seen to be double and continuous with capsules of daughter cells ; g. A, 
further stages in the formation of the daughter nuclei. 



which obtains in most animal-cells, for in place of a constriction appearing 
and gradually separating the protoplasm into two halves from without in, 
a partition is formed (e), in the middle of the now elongated cell, as is most 
commonly the case in the division of plant-cells. The septum, as soon as it is 
broad enough, is seen to consist of two layers, which are contimtous with the 
capsules of the two daughter-cells (/). 

In the case of elastic cartilage the matrix is at first hyaline, and the elastic 
fibres are subsequently produced in it. They appear in the form of fine granules 
in those parts of the matrix that are in immediate contiguity with the cartilage- 
cells. In the cartilage of the external ear this change occurs about the fifth 
month of intra-uterine life, commencing in the more central parts, and gradually 
extending outwards towards the perichondrium. 

The mode of development of white fibro-cartilage has not been fully 
ascertained, but it appears that the fibres are formed at the same time as the 
matrix instead of subsequently as in the case of elastic cartilage. 
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The vital changes which occur in cartilage take place very slowly. Its mode of 
nutrition has been already referred to ; it is subject to absorption, and when a 
portion is absorbed in disease or removed by the knife, it is regenerated very 
slowly. A wound in cartilage is usually at first healed by connective tissue, 
which becomes gradually transformed into hyaline cartilage. The reappearance 
of the latter seems, however, to depend upon the presence of the perichon- 
drium, this membrane fulfilling, although perhaps not to so marked an extent, 
the same functions in the regeneration of cartilage as does the periosteum 
in the regeneration of bone. Schwalbe found that the cartilage of the rabbit's ear 
grew only by apposition at its margins and surfaces, and not interstitially ; but it is 
certain that the temporary cartilages grow in the manner last mentioned. 

Probably the rib-cartilages grow in two ways, viz. : (1) by interstitial expansion 
accompanied by multiplication of the cells and increase of the matrix ; (2) by 
apposition, fresh cartilage being formed under the perichondrium by transformation 
of its fibrous tissue into cartilage (metaplastic formation). 

When a cartilage is fractured, as sometimes happens with the rib-cartilages, 
the broken surfaces become connected, especially at their circumference, by fibrous 
or dense areolar tissue, and often by a bony clasp. 
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BONE OB OBBEOUB TISSUE. 



The bones are the principal organs of support, and the passive instruments of 
locomotion. Connecteil together in the skeleton, they form a framework of hard 
material, which affords attachment to the soft parts, maintains them in their due 
position, and shelters such as are of delicate structure, giving stability to the whole 
&bric, and preserving its shape ; and the different pieces of the skeleton being joined 
moveably together, serve also as levers for executing the movements of the body. 

While substantially consisting of hard matter, bones in the living body are 
covered with periosteum and filled with marrow ; they are also pervaded by blood- 
vessels for their nutrition. 

Bone has a white colour, with a pink and slightly bluish tint in the living body. 
Its hardness is well known, but it also possesses a certain degree of toughness and 
elasticity ; the last property is peculiarly well marked in the ribs. Its specific 
gravity is from 1.87 to 1.97. 

Chemical Composition. — Bone consists of an earthy and an animal part, inti- 
mately combined together ; the former gives hardness and rigidity, the latter tenacity, 
to the osseous tissue. 

The earthy part may be obtained separate by calcination. When bones are 
burned in an open fire, they first become quite black, like a piece of burnt wood, 
fh)m the charring of their animal matter ; but if the fire be continued with free 
access of air, this matter is entirely consumed, and they are reduced to a white, 
brittle, chalk-like substance, still preserving their original shape, but with the loss of 
about a third of their weight. The earthy constituent, therefore, amounts to about 
two-thirds of the weight of the bone. It consists principally of phosphate of lime, 
with about a fifth part of carbonate of lime, and much smaller proportions of fluoride 
of calcium, chloride of sodium, and magnesian salts. 

The animal constituent may be freed from the earthy, by steeping a bone in 
diluted hydrochloric acid. By this process the salts of lime are dissolved out, and a 
tough flexible substance remains, which, like the earthy part, retains the perfect 
figure of the original bone in its minutest details ; so that the two are evidently com- 
bined in the most intimate manner. The animal part is often named the cartilage of 
bone, but improperly, for it differs entirely from cartilage in structure, as well as in 
physical properties and chemical nature. It is much sofber and much more flexible, 
and, by boiling, it is almost wholly resolved into gelatin. It may accordipgly be 
extracted from bones, in form of a jelly, by boiling them for a considerable time, 
especially under high pressure. 

Tlie lining membranes of the Haveisian canals and the walls of the lacunas are formed of 
a material which resists the action of strong hydrochloric acid (which dissolves the remainder 
of the animal matter) (Langer). 

In the compact substance of a femur that had been long buried, Aeby found only 16*5 per 
oentb of animal matter. 

The fluoride of calcium is found in larger quantity in fossil than in recent bones. 



MINUTB BTBUOTUBB OF BOKS. 

On sawing up a bone, it will ba seen that it is in some parts dense and close in 
texture, appearing like ivory ; in others open and reticular ; and anatomists accord- 
ingly distinguish two forms of osseous tissue, viz., the compact, and the spongy or 
cancellated. On closer examination, however, especially with the aid of a magni- 
fying glass, it will be found that the bony matter is eveiywhere porous in a greater 
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or less degree, and that the difference between the two varieties of tissue depends 
on the different amount of solid matter compared with the size and number of the 
open spaces in each ; the cavities being very small in the compact parts of the bone, 
with much dense matter between them ; whilst in the cancellated texture the spaces 
are large, and the intervening bony partitions thin and slendei^. There is, accord- 
ingly, no abrupt limit between the two, — they pass into one another by degrees, the 
cavities of the compact tissue widening out, and the reticulations of the cancellated 




Pig. 295.— Longitudinal section through thk upper khi) op the femur bhowihq the cancellous 

ffTRUCTURE OF THE HEAD AND THE COMPACT SUBSTANCE OF THE SHAFT. (PrOm a photograph by 

Zaai jer. ) 

becoming closer ad they ftpproach the paiiS wbfii'e the ti*aii8ition between the two 
takes place. 

In all bones, the part next the surface consists of compact substance, which forms 
ail outer shell or crilst, whilst the spongy textut^ is contained within. In a long bone, 
the large round ends are made up of spongy tissue, with only a thin coating of com* 
pact substance (fig. 295) ; in the hollow shaft, on the other hand, the spongy texture 
is scanty, and the sides are chiefly formed of compact bone, which increases in 
thickness fiom the extremities towards the middle, at which point the girth of the 
bone is least, and the strain on it greatest. In tabular bones, such as those of the 
skull, the compact tissue forms two plates, or tables, as they are called, inclosing 
between them the spongy texture, which in such bones is usually named diphe. 
The short bones, like the ends of the long, are spongy throughout, save at their 
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surface, where there is a thin crust of compact substance. In the complex or mixed 
bones, such as the vertebrae, the two substances have the same general relation to 
each other ; but the relative amount of each in different parts, as well as their special 
arrangement in particular instances, is very various. 

On close inspection the cancellated texture of bone is seen to be formed of 
slender bars or spicula and thin lamellae, which meet together and join in a reticular 
manner, producing an open structure which has been compared to lattice-work 
(cancelH), and hence the name usually applied to it. In this way considerable 
strength is attained without undue weight, and it may usu^ly be observed that the 
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Fig. 296.— A, Traksybrse skotiok op a bohk (ulka) pbpriybd of its barth bt acid (Shaipcj). 

The openings of the Hayersian canals are 8een> Natural size. A small portion is shaded to indicate 
the part magnified in Fig. B. 

B, Part oy thb Section A, maqkifibd 20 diambtbbs. 

The lines indicating the concentric lameUn are seen, and among them the laconie appear as little 
dark specks. 

strongest laminae run through the structure in those directions in which the bone has 
naturally to sustain the greatest pressure. The open spaces or areolae of the bony 
network communicate freely together ; in the fresh state they contain marrow and 
blood-vessels. 

Saversiaa canals. — The compact tissue is also full of holes ; these, which are 
very small, are best seen by breaking across the shaft of a long bone near its middle 
and examining it with a common magnifying glass. Numerous little round apertures 
(fig. 296 a) may then be seen on the broken surfece, which are the openings of short 
longitudinal passages running in the compact substance, and named the Haversian 
canals, after Clopton Havers, an English physician and writer of the seventeenth 
century, who more especially called attention to them. Blood-vessels run in these 
canals, and the widest of them also contain marrow. They are from -nnjTfth to 
Y^th of an inch in diameter : there are some no more than s x^th, but these are 
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rare ; the medium size is about tq^^^. The widest are met with nearest the 
medullary cavity, and the narrower towards the circumference of the bone. They 
are qnite short, as may be seen in a longitudinal section, oblique communications 
connecting them ft-eely both longitudinally and laterally. Those which are next the 
circumference of the bone, open by minute pores on its external surface, and the 
innermost ones open widely into the medullary cavity ; so that these short channels 
coUectiyely form a sort of irregular network of tubes running through the compact 
tissue, in which the vessels of that tissue are lodged, and through the medium of 
which these vessels communicate together, not only along the length of the bone 
but from its surface to the interior through the thickness of the shaft. The canals 
of the compact tissue in the other classes of bones have the same general characters, 
and for the most part rati parallel to the surface. 

Pig. 297. — Section of a Haversian canal, showing its 

CONTENTS. HlQHLT MAGNIFIED. (E. A. S.) 

a, small arterial capillary vessel ; v, large yenous capil- 
lary ; n, pale nerve-fibres cut across : I, cleft-like lymph- 
atic vessel : one of the cells forming its wall communicates 
by fine branches with the branches of a bone-corpuscle. 
The substance in which the vessels run is connective tissue 
with ramified cells ; its finely granular appearance is pro- 
bably due to the cross section of fine fibrils. ^ 

Most of the Haversian canals contain two 
small blood-vessels, arterial and venous (fig. 297), 
together with a small amount of delicate con- 
nective tissue containing branched cells, which 
are flattened close to the bone, and com- * 

municate by their branches with the ramifi- 
cations of corpuscles in the substance of the bone. 

LamellA. — -On viewing a thin transverse section of a long bone with a micro- 
scope of moderate power, especially after the earthy part has been removed by acid 
(fig. 296 B ; fig. 297), the opening of each Haversian canal appears to be surrounded 
by a series of concentric rings. This appearance is occasioned by the transverse 
sections of concentric lamellce which surround the canals. The rings are not all 
complete, for here and there one may be seen ending between two others. In some 
of the sets, the rings are nearly circular, in others oval, — diflerenccs which seem 
mostly to depend onthe direction in which the canal happens to be cut : the aperture 
too, may be in the centre or more or less to one side, and in the latter case the rings 
are usually narrower and closer together on the side towards which the aperture 
deviates. Again, some of the apertures are much lengthened or angular in shape, 
and the lamellae surrounding them have a corresponding disposition. Besides the 
lamellas surrounding the Haversian canals, there are others disposed conformably 
with the circumference of the bone (fig. 296 b, a) ; most of these are near the 
surface, but others run between the Haversian sets, by which they are interrupted in 
many places (fig. 303). Lastly, in various parts of the section, lines are seen which 
indicate lamellae, differing in direction from both of the above-mentioned orders. 

The appearance in a longitudinal section of the bone is in harmony with the 
account above given : the sections of the lamellae are seen as straight and parallel 
lines, running in the longitudinal direction of the bone, except when the section 
happens to have passed directly or slantingly across a canal : for wherever this occurs 
there is seen, as in a transverse section, a series of rings, generally oval and much 
lengthened on account of the obliquity of the section. 

Many of the Haversian canals which pass through the circumferential or periosteal lamelltt 
carrying blood-vessels from the periosteum into the bone, are not surrounded by concentric 
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lamellse, but are mere channels piercinfjf the periosteal lamellas. They are often spoken of aa 
Yolkmann's canals. 

The cancellated texture has essentially the same lamellar structure. The slender 
bony walls of its little cavities or areolae are made up of superimposed lamellae, like 
those of the Haversian canals, only they have fewer lamelljp in proportion to the 
width of the cavities which they surround ; and, indeed, the relative amount of 
solid matter and open space constitutes, as already said, the only difference between 
the two forms of bony tissue : the intimate structure of the solid substance and the 
manner of its disposition round the cavities being essentially the same in both. 

Lacnnad and caxialiculi. — All over the section numerous little dark specks ai^ 
seen among the lamellae. These were named the " osseous corpuscles ; " but as it is 
now known that they are in reality minute cavities existing in the bony substance, 
the name of lacuncB has since been more fittingly applied to them. To see the lacunae 
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Fig. 298. — Transverse section op compact tissite (op humerus), magnipied about 150 diameters 

(Sharpey). 

Three of the Haversian canals are seen, with their concentric lings ; also the Jacuna?, with the 
canaliculi extending from them across the du'cction of the lamellse. The Haversian apertures ha*! become 
filled with air and debris (from the grinding), and therefore api>ear black in the figure, which represeuts 
the object as viewed with tmnsmitted light. 

properly, however, sections of unsoftened bones must bo prepared and ground very 
thin, and a magnifying power of from 200 to 800 must be employed. Such a 
section, viewed with transmitted light, has the appearance represented in ^g. 208. 
The openings of the Haversian canals are seen with their encircling lamella?, and 
among these the lacunae, which are mostly ranged in a corresponding order, appear 
as black, opaque or nearly opaque oblong spots, with tine dark lines extend- 
ing from them and causing them to look not unlike little black insects. The dark 
appearance is due to the fact that the little cavities have become filled with air in 
the dry bone, and when the same section is seen against a dark ground, with the 
light falling on it (as we usually view an opaque object), the little bodies and lines 
appear quite white, like figures drawn with chalk on a slate, and the intennediate 
substance, being transparent, now appears dark. 

The lacunas, as already stated, are minute recesses in the bone, and the lines 
extending from them are fine pores or tubes named canalkuUy which issue from their 



MINUTE STRUCTURE OF BONE. 259 

cavity. The lacausB present some variety of figure, but in such a section as that 
represented they for the most part appear irregularly fusiform, and lie nearly in the 
same direction as the lamellae between which they are situated ; or, to speak more 
correctly, they are flattened and extended conformably with the lamellae ; for when 
the bone is cut longitudinally, their sections still appear fusiform and are still more 
lengthened out in the direction of the lamellae. The canaliculi, on the other hand, 
pass across the lamellae, and they communicate with those proceeding from the next 
range of lacunae, so as to connect the little cavities with each other ; and thus since 
the canaliculi of the most central range open into the Haversian canal, a system of 
continuous passages is established by these minute tubes and their lacunae, along 
which fluids may be conducted from the Haversian canal through its series of sur- 
rounding lamellae ; indeed, it seems probable that a chief purpose of these minute 
passages is to allow nutrient matter to be conveyed from the vascular Haversian 
canals through the mass of hard bone which lies around and between them. In like 
manner the canaliculi open into the great medullary canal, and into the cavities of 
the cancellated texture ; for in the thin bony parietes of these cavities lacunae are 
also contained ; they exist, indeed, in all parts of the bony tissue. The canaliculi 
which radiate outwards from the lacunae near the periphery of the Haversian systems 
do not as a rule communicate with those of the neighbouring Haversian system, but 
bend round and are joined to one another. 

Cells of bone. — As first shown by Yirchow, each lacuna is occupied by a 
flattened nucleated cell, which sends branches along the canaliculi ; and later 
observers (Rouget, Neuman,) have been able to detach the proper wall of the lacuna 

Fig. 299. — A BONE-CKLL I80LATKD AND HIOHLT MAGNIFIED 

(after Joseph). 

a, proper wall of the lacuna, shown at a part where the cor- 
puscle hoa shrunk away from it. 

and its appertaining canaliculi after decalcification, 
and to obtain it separate with its included corpuscle 
(fig. 299). It can scarcely be doubted that the pro-* 
toplasm of the nucleated corpuscle takes an important 
share in the nutritive process in bone, and very pro- 
bably serves both to modify the nutritive fluid supplied 
from the blood and to further its distribution through the lacunar and canalicular 
system of the bony tissue. Virchow showed that the corpuscles of Iwne are homo- 
logous with those of ordinary connective tissue : to this it may be added that the 
enclosing lacunae and canaliculi are to be looked upon as corrcsponding to the cell- 
spaces of that tissue. 

Apertnrefl and decussatiiLg fibres of tlie lamellie. — With a little pains 
thin films may be peeled ott' in a longitudinal direction from a piece of bone that 
has been softened in aci^. These for the most part consist of several lamellae, as 
may be seen at the edge, where. the different layers are usually torn unequally, and 
some extend farther than others. Examined in this way, under the microscoixj, 
the lamella? are seen to be perforated with fine aj)ertures placed at very short 
distances apart. These ajKirtures were described by Deutech ^ ; they appear to be the 
transverse sections of the canaliculi already described, and their relative distance 
and position accord sutficiently with this explanation. According to this view, there- 
fore, the canaliculi might (in a certain sense) be conceived to result from the apj)osi- 
tion of a series of perforated plates, the apertures of each plate corresix)nding to those 
of the plates contiguous with it ; or they might be compai'ed to holes bored to some 
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depth in a straight or crooked direction through the leaves of a book, in which case 
it is plain that the perforations of the adjoining leaves would correspond ; it being 
understood, however, that the passages thus formed are most likely bounded bj 
proper parietes. The apertures now referi'ed to must be distinguished from lai^er 
holes seen in some lamellae, which give passage to the perforating fibres to be 
mentioned further on. 

But the lamellae have a further structure. To see this, the thinnest part of a 
detached shred or film must be examined, as shown in figs. 300 and 802 ; it will 
then appear plainly that they are largely made up of transparent fibres, decussating 
with each other in the form of an exceedingly fine network. In the Haversian 
systems these decussating fibres cross one another in different lamellae at right 
angles (v. Ebner), but in most other situations at more or less acute angles, and 
they are united here and there by obliquely passing fibres, so that they cannot be 
teased out from one another ; but at the torn edge of the lamella they may often be 
seen separate for a little way, standing out like the threads of a fringe. Most 
generally they are straight, as represented in fig. 800 ; but they are not always so ; 
for in some parts they assume a curvilineai* direction (fig. 802). Acetic or hydro- 







Fig. 300.— Thih latkr pebled off from a softened boitb, as it appears under a maqniftino 
POWER OF 400 DIAMETERS (Sharpey). 

This figure, which is intended to represent the reticular structure of a lamella, gives a better idea of 
the object when held rather farther off* than usual from the eye. 

Fig. 801.— Small part of a longitudinal section of decalcified tibia. Hioblt maqnifibd (after 

y. Ebner). 

o, series of six lamelleB which are cut for the most part in the direction of the fibrils, so that they 
appear longitudinally striated ; b, 6, lamellae, the fibrils of which are cut across ; the arrangement of the 
fibrils into bundles is indicated. Two lacuneB are seen lying between the lameUie, also canaliculi piercinc 
the lamelle. 

chloric acid causes these fibres to swell up and become indistinct, like the white 
fibres of connective tissue ; care must therefore be taken in their examination that the 
remains of the decalcifying acid be removed from the tissue, by maceration in water 
or in solutions of neutral salts. Moreover, the fibro-reticular structure is not equally 
distinct in all parts ; for in some places it is less decidedly marked, as if the fibrilla- 
tion were incompletely developed. 

The decussating fibres which constitute the lamellae were discovered by Sharpey, and their 
constant presence was taught by him for a long time before they were admitted by other 
histologists. It has lately been shown by v. Ebner that the decussating fibres of Sharpey are 
in reality themselves composed of exquisitely fine fibrils, so that they correspond with bundles 
of white connective tissue fibres rather than with single fibres. Like the connective tissue 
fibrils these of the bone are doubly refracting, and they are said (Ebner) not to be calcified. 
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the dex>oflit of calcareous matter being confined to the matrix in which they are embedded. 
Thej appear to be united into the lamellsB by a matrix or ground-substance, and take different 
directions in successive lamellsB, so as to produce a granular or a striated appearance according 
as they happen to be cut transversely or longitudinally (fig. 301). 

In thin sections of bone, the concentric lines or rather bands which represent the cut edges 
of the lamellffi show the section of the decussating fibres as round or angular dots, themselves 
punctated, which lie embedded in the homogeneous ground-subetance (fig. 301, b). The 
lamellas are separated from one another by the lacunse which lie between them, where these 
are absent they are joined together by the ground-substance; they are also united by 
occasional bundles of fibres passing obliquely from one lamella to the other. 

Perforatmg filires. — It was further Bhown by Sharpey that in many instances 
the lamell83 are perforated by fibres, which pass through them in a perpendicular 
or oblique direction, and, as it were, bolt them together. These perforating fibres 
may be seen, with the aid of the microscope, in a thin transverse slice of a decalcified 
cylindrical or cranial bone, on pulling asunder the sections of the lamelte (as in 
fig. 804), In this way some lamellae will generally be observed with fibrous pro- 
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Fig. 802. — Lamella torn off fbom a dboalcifibd human paribtal bonb at somb dbpth from 

THB suRFAOB (Sharpey ). 

a, kmellee, showing decussating fibres ; h, h, thicker part, where sereral lamells are sapeiposed ; 
c, c, perforating fibres. Apertures through which perforating fibres had passed, are seen especially in the 
lower part, a, a, of the figure. Magnitude as seen under a power of 200, but not drawn to a scale (from 
a drawing by Allen Thomson). 

cesses attached to them (fig. 804, h) of various lengths, and usually tapering and 
pointed at their free extremities, but sometimes truncated — probably firom having 
been divided by the knife. These fibres have obviously been drawn out from the 
adjacent lamellae, through several of which they must have penetrated. Sometimes, 
indeed, indications of perforations may be recognized in the part of the section of 
bone from which the fibres have been pulled out (fig, 304, c). The processes in 
question are thus, so to speak, viewed in profile ; but they may frequently also be 
seen on the flat surface of detached lamellae (fig. 302), projecting like nails driven 
perpendicularly. 

The perforating fibres are, like the decussating fibres, for the most part bundles 
of fibrils which agi'ee in character with those of the white fibrous tissue ; but some, 
as shown by H. Miiller, are of the nature of elastic tissue (fig. 303, e). In some 
parts they escape calcification, and thus, as they shrink in drying, leave tubes or 
channels in the dry bone, generally leading from the surfece inwardly ; but these 
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uncalcified fibres are by no means frequent (Sharpey). The perforating fibres are 
often connected with the periosteum, as is the case with most of those which 
penetrate the external table of the ciunial bones ; but in cross sections of cylin- 
drical bones they often appear to spring with their broad ends from the deeper 
lamellae (with the fibres of which they may be directly continuous), and especially 
from those near the circumference of a Haversian system, and taper outwards into 
fine points, which do not reach the periosteum (fig. 808), although without doobt 
they must, like the bony layers in which they occur, have been formed by sub- 
periosteal ossification. They are never found in the concentric systems of Haversian 




Fig. 803. — Trahsybrse section op dkoalcified human tibia, prom near the surface op the 

SHAFT (K. A. S.). 

H, H, Haversian canals, with their systcniB of concentric lamellse ; in all the rest of the figure the 
lamelhe are circumferential. 

8, ordinary perforating fibres of Sharpey ; c, f, elastic perforating fibres. Drawn under a power of 
about 150 diameters. 



lamellae. Perforating fibres exist abundantly in the crusta petrosa of the teeth 
(Sharpey). 

Where tendons or ligaments are inserted into bone, the fibre-bundles of tlie 
tendon are continued into the bone as perfoi-ating fibres, so that the attachment of 
tendon to bone is thus rendered very intimate. 8ome of the bundles of white 
fibres of the periosteum may also, as above mentioned, pass into the bone as per- 
forating fibres, and the same is tlie case with the elastic fibres. 

The animal basis of l)one is made «p essentially, as we have seen, of lamellae 
composed of fine decussating or reticular fibril-bundles embedded in a ground- 
substance ; but interposed among these lamellaa, layers are here and there met with 
of a different character, having a granular aspect, with the lacunae very conspicuous 
and regularly arranged, and sometimes appearing as if sun'ounded by faintly defined 
areolae. These generally incomplete layers are often bounded by a scalloped border, 
as if made up of confluent round or oval bodies ; this is indicated also by the coca- 
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sional occurrence of oval or flattened spheroidal bodies singly or in small groups near 
the border of the layers, each with a lacuna in the centre (fig. S05). In some parts 
the granular substance is obscurely fibrous, and transitions may be observed to the 




Fig. 304. — Maoitified view of a perpendicular section trrouor the external table of a 

HUMAN PARIETAL BONE, BECALOIFIED (H. MUller). 

At a, perforating fibres in their natural situation ; at b, others drawn out by separation of the 
lameUsB ; at o, the holes or sockets out of whioh they have been drawn (H. Muller). 

well-marked reticular laminad. The layers described appear principally to occur 
near the surface of the compact tissue, and at the circumference of many of the 
systems of concentric Haversian lamelte. 

Irregular layers of rounded bodies, apparently solid and without central cavity, 
are also sometimes seen, and are well represented in figure 306. These layers are 




Fig. 305. — Small part of a section 

THROUGH THE SHAFT OF A FEMUR (HUMAN, 
16 years) taken a SHORT DISTANCE 
FROM THE EPIPHV8l!!l. 230 DIAMKTKRS. 

(Kdlliker.) 

a, remains of calcified cartilage ; ft, bony 
deposit in Howship's foveolie (absorption 
Bpaces) ; c, subsequent deposit of lamellar 
bone. 

met with chiefly near the surface of 
the shaft of long bones, lying among 
the circumferential laminae, and 
apparently forming only part of a 
circuit. They can occasionally be 
recognised in a transverse section 
as short curvib'near bands of peculiar 
aspect, broader in the middle and 
thinning away at the ends, appear- 
ing here and there between the cut 
edges of two ordinary circumferen- 
tial laminad. 

Finally, spaces are occasionally seen in a section of bone, which are characterized 
by an eroded outline, but in some cases they may be partially filled up by concentric 
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lamellBB. These were named " Haversian spaces " by Tomes and de Morgan, and 
they are interpolated or intruded amongst the regular Haversian systems, some of 
which may have been cut in upon in the excavation of the space. It was further 
noticed by Tomes and de Morgan that the spaces in question may sometimes be seen 
being filled up at one part by the deposition of lamellae, whilst they are extending 
themselves by absorption at another. The Haversian spaces are most numerous in 
young and growing bones, but they occur also after growth is completed. 

The three appearances above mentioned are due to the peculiar manner in which 
the absorption of bone occurs ; for it is effected, as will presently be described, by 




Fig. 806.— Portion of a hopulated latkr op bone-tissuk from near the surface of the 

SHAFT OF A DECALCIFIED HUMERUS (Sharpej). 

At one side shreds of fibroos lameUas are seen in the figure. Magnified 300 diameters. From a 
drawing by AUen Thomson. 

the agency of large multinucleated cells, which excavate little hemispherical pits 
(foveote of Howship) in the osseous tissue. If the process of absorption should 
cease and should be succeeded by a re-deposition of osseous substance, the new 
osseous matter filling up the hollows of the absorbed surface exhibits, when it is 
detached, a raised impression corresponding with the hollows into which it fitted. 

In young bones the lamellar character is far less distinct than in adult bones, the 
tissue being constituted chiefly of bundles of fibres which interlace in every direction 
in the ground-substance ; in this reticular form of osseous tissue the lacunsD are 
both more numerous and irregular than in lamellated bone. 

When tendons become ossified, as is often the case, especially in birds, little but a 
calcification of the ground-substance of the tendon occurs, so that, after decalci- 
fying, the tendinous structure again becomes manifest. 
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The exact knowledge we pofleeBs of the minnte stnictnre of oBseoos tissae is largely the 
remit of the careful investigation of the late Professor Sharpej, whose account, published 
in the fifth edition of this work in 1845, has needed no erasure, and but little addition, 
even to the present day. His labours in this field have been to a certain extent recog^nized 
in the adoption of the name " fibres of Sharpey " for the perforating fibres discovered 
by him, but it is only of late that the facts which he demonstrated are becoming understood 
and their significance appreciated by histologiste. 



THB PEBIOBTaUM. 

The periosteum, as already stated, is a fibrous membrane which coTers the 
bones externally. It adheres to them very firmly, and invests every part of thoir 
surface, except where they are covered with cartilage. 

It is composed of two layers ; the outer, consisting chiefly of white fibres, and con- 
taining occasional fat-cells, is the means of supporting numerous blood-vessels destined 
for the bone, which ramify in the membrane, and at length send their minute 
branches into the Haversian canals of the compact substance, accompanied by pro- 
cesses of filamentous tissue derived from, or at least continuous with, the periosteum. 
The inner layer is largely made up of elastic fibres, frequently in several distinct 
strata. Between it, however, and the proper osseous tissue there is a fibrous stratum 
containing in the young bone a number of granular corpuscles (osteoblasts), while 
in the adult bone these have become flattened out into an epithelioid layer covering 
the osseous substance, and are in many places separated by a cleft-like space 
(serving probably for the passage of lymph) from the rest of the periosteum 
(Schwalbe). 

By treating the membrane with nitrate of silver, lymphatics are discovered in 
it accompanying the blood-vessels in the outer layer ; and, as in other aponeurotic 
structures, extensive epithelioid markings, covering a great part of the surface, are 
brought into view. 

Fine nerves spread out in the periosteum ; they are chiefly associated with the 
arteries, and for the most part destined for the subjacent bone ; but some are for 
the membrane itself, and some of these end in Pacinian corpuscles. 

The chief use of the periosteum is to support the vessels going to the bone, and 
afford them a bed in which they may subdivide into fine branches, and so enter the 
dense tissue at numerous points. Hence, when the periosteum is stripped off at 
any part, there is great risk that the denuded portion of the bone will die and 
exfoliate. The periosteum also contributes to give firmer hold to the tendons and 
ligaments where they are fixed to bones. Its relation to the growth and renewal of 
bone wiU be referred to later on. 



THE MABROW. 

The marrow (medulla oasium) is lodged in the interior of the bones ; it fills up 
the hollow shafi^ of long bones and occupies the cavities of the cancellated structure ; 
it extends also into the Haversian canals — at least into the larger ones — along with 
the Vessels. A fine layer of a highly vascular areolar tissue lines the medullary 
canal, as well as the smaller cavities which contain marrow ; this has been named 
the medullary membrane, internal periosteum, or endosteum; but it cannot be 
detached as a continuous membrane. Its vessels join on the one side those of the 
osseous substance, and on the other side are continuous with the capillaries of the 
marrow. 

The marrow differs considerably in different situations. Within the shaft of the 



266 



BONE OR OSSEOUS TISSUE. 



long bones in man it is of the character of ordinary adipose tissue, but the fat-cells 
are supported by a kind of retiform tissue, and between them elements occur similar 
to those immediately to )je mentioned in the red marrow. In short bones, and in 
the cancellated ends of long bones, but especially in the cranial diploe, the bodies of 
the vertebrae, the sternum, and the ribs, the marrow is red or reddish in colour, of 
more fluid consistence, and with very few fat-cells. While, however, the fat-cells 
are scanty in the red-coloured marrow, it contains numerous round leucocytes 
— the proper marrow-cells of KoUiker (fig. 307, e — t). These in general appear- 
ance resemble the pale corpuscles of the blood, but are larger, with a clearer 
protoplasm and a relatively larger nucleus. Like the pale corpuscles, they exhibit 
amoeboid movements. Amongst them are smaller cells which have a reddish colour, 
and resemble in appearance the primitive nucleated corpuscles of the embryo 
(fig. 307, /—O ; these are the cells (erythroblasts) which are concerned in the 
formation of the red blood-disks, and according to some authors are themselves 
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Fig. 307. — Cells of the rkd marrow of the GuiNEA-pia. Hiohlt magnified. (E. A. S.) 

a, a largo cell the nucleus of which appears to be partly divided into three by constrictions ; ft, a cell 
the enlarged nucleus of which shows an appearance of budding into a number of smaller nuclei ; c, a 
so-called giant-cell or myeloplaxe with many nuclei ; rf, a Hmaller niyeloplaxe with three nuclei ; r — », 
proper cells of the marrow ; j — t, various forms of coloured nucleated cells, some undergoing division. 



derived from colourless marrow-cells or from pale blood-corpuscles (p. 219). It is, 
however, doubtful if this is so ; it is more probable that they are the direct 
descendants of the nucleated red corpuscles of the early embryo. Like these 
they are amoeboid and divide by karyokinesis. They appear to be formed into 
blood-disks by the disappearance of the nucleus and the moulding of the cell 
protoplasm into the biconcave discoid shape. It is probably by virtue of their 
amoeboid properties that they pass into the venous capillaries of the marrow, but 
some may be contained within the vessels, and in birds all the erythroblasU are found 
within the lumen of the venous capillaries (Bizzozero and Torre). 

Cells have occasionally been noticed containing one or more red corpuscles in their 
interior (Osier) : whether these have been develojKid in situ in a manner similar to 
that previously described in connective tissue corpuscles of the young animal, or 
have been taken into the interior of an amoeboid cell, there to be transformed into 
pigment-granules, is not certainly known. Cells containing reddish pigment- 
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granules are, however, not uncommon. There further occur in the marrow, 
especially in the neighbourhood of the osseous substance, large multi-nucleated 
protoplasmic masses {myehplaxes of Robin, fig. 307, a — d)^ which, as pointed out by 
Eolliker, appear to be more especially concerned with the process of absorption 
of bone, nnder which head they wiU subsequently be further alluded to. The 
myeloplaxes vary much in size, but are always larger than the proper marrow-cells. 
Their nucleus is not always multiple, but when single it is usu^y enlarged, and 
presents indications of division (fig. 307, a) ; it may even be so constricted as to 
exhibit an irregularly moniliform appearance (fig. 307, h). 

Blood-vessels. — ^The bones are well supplied with blood-vessels. A network of 
periosteal vessels covers their outer surface ; fine vessels run from this through all 
parts of the compact tissue in the Haversian canals ; others penetrate to the cavities 
of the spongy part, in which they ramify ; and a considerable artery goes to the 
marrow in the central part of the bone. In the long bones this medullwry artery ^ 
often, but improperly, called "the nutritious artery," passes into the medullary 
canal, near the middle of the shaft, by a hole running obliquely through the 
compact substance. The vessel, which is accompanied by one or two veins, then 
sends branches upwards and downwards in the middle of the marrow ; from these 
branches arterial capillaries pass radially towards the periphery. The comparatively 
narrow arterial capillaries pass suddenly at the periphery of the marrow into the wide 
venous ones, which form a close network of large thin- walled vessels throughout the 
medullary tissue, so that the current of blood must be considerably retarded both in 
these and in the large thin-walled veins. 

The ramifications of the medullary artery anastomose with the arteries of the 
compact and cancellated structure ; indeed, there is a free communication between 
the finest branches of all the vessels which proceed to the bone, and there is no 
strictly defined limit between the parts supplied by each. In the thigh bone there 
are frequently two medullary arteries entering at different points. 

The veins of the cancellated texture are peculiar and deserve special notice. 
Their arrangement is best known in the bones of the skull, where, being lodged in 
the diploe or spongy texture between the outer and inner compact tables, they have 
received the name of the diploic veins. They are large and numerous, and run 
separately firom the arteries in canals formed in the cancellated structure, the sides 
of which are constructed of a thin lamella of bone, perforated here and there for 
the admission of branches from the adjoining cancelli. Being thus inclosed and 
supported by the hard structure, the veins have exceedingly thin coats. They issue 
from the bone by special apertures of large size. A similar an*angement is seen in 
the bodies of the vertebrae, whence the veins come out by large openings on the 
posterior surface. In the long bones numerous apertures may be seen at the ends, 
near the articular surfaces ; some of these give passage to arteries, but the greater 
number, as well as the larger of them, are for the veins of the cancellated texture, 
which run separately from the arteries. 

According to Hoyer and Rindfleisch the venous capillaries and veins of the red 
marrow have incomplete walls, or rather are channels bounded only by the 
medullary parenchyma, so that the blood-corpuscles which are being formed from 
marrow-cells can readily get into the circulation. Langer, on the other hand, found 
the vascular system of the marrow to be a closed one. In birds, this is certainly 
the case according to the testimony of Bizzozero and of Denys, but in mammals it is 
doubtful if the vascular walls are everywhere complete. 

The blood coming from the marrow possesses a large number of pale corpuscles, 
and sometimes nucleated red corpuscles can be detected in it. 

Lymphatics. — In addition to the lymphatics in the periosteum (which have 
already been mentioned), there are others in the Haversian canals accompanying the 
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vessels (fig. 297, /), and often parfciallj or wholly enclosing them (perivascnlar). The 
Ijmph or plasma of the blood is enabled to penetrate the hard bony substance by 
means of the lacunaB and communicating canaliculi, which appear to bear the same 
relation to the lymphatics as do the cell-spaces of ordinary connective tissue to the 
lymphatics of that tissue. 

The fine nerves which may be seen entering the bones along with the arteries 
are probably chiefly destined for those vessels ; it is not known whether any end in 
the bony tissue itself. 

As far as can be judged from observations on man and experiments on the lower 
animals, the bones, as well as their investing periosteum, are scarcely if at all sensible 
in the healthy condition, although they are painfully so when inflamed. 



FOBMATION AND GBOWTH OF BONE. 

The foundation of the skeleton is laid at a very early period ; for, among the 
parts that appear soonest in the embryo, we distinguish the rudiments of the vertebrae 
and base of the skull, which afterwards form the great median column to which the 
other parts of the bony fabric are appended. But it is by their outward form and 
sitaation only, that the parts representing the future bones are then to be recognised ; 
for at that early period they do not differ materially in substance from the other 
structures of the embryo, being made up of mesoblastic cells, with a small amount 
of intercellular substance. Very soon, however, they become cartilaginous, and 
ossification in due time beginning in the cartilage and continuing to spread from 
one or from several points, the bony tissue becomes gradually formed. 

But, while it is true with respect to the bones generally that their ossification 
commences in cartilage, it is not so in every instance. The tabular bones forming 
the roof of the skull may be adduced as a decided example to the contrary ; in these 
the ossification goes on in connective tissue altogether unconnected with any carti- 
lage ; and even in the long bones, in which ossification undoubtedly commences and 
to a certain extent proceeds in cartilage, it will be afterwards shown that there is 
much less of the increment of the bone really owing to that mode of ossification than 
was at one time generally believed. It is necessary, therefore, to distinguish two 
species or modes of ossification, which for the sake of brevity may be called the 
tntramemhranous and the iniracurtilaginous. 

INa?RAMTnirBKANOUB OSSIFIOATION : OBBIFIOATIOM IN OONNSOTIVX TIBSUB. 

The tabular bones of the cranium, as already said, afford an example of this mode 
of ossification. The base of the skull in the embryo is cartilaginous ; but in the 
roof, that is to say, the part comprehending the parietal, the frontal, and a certain 
portion of the occipital bones, we find (except where there happen to be commencing 
muscular fibres) only the integuments, the dura mater, and an intermediate layer, in 
which the ossification proceeds. 

The commencing ossification of the parietal bone, which may be selected as an 
example, appears to the naked eye in the form of a network in which the little bars 
or spicula of bone run in various directions, and meet each other at short distances. 
By-and-by the ossified part, becoming extended, gets thicker and closer in texture, 
especially towards the centre, and the larger bony spicula which now appear, run out 
in radiating lines to the circumference. The ossification continues thus to spread 
and consolidate until the parietal meets the neighbouring bones, with which it is at 
length united by sutures. 

Fig. '808 represents the parietal bone of an embryo sheep about two inches and 
a half long, and shows the character of the ossification as it appears when the object 
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is magnified about twelve diameters. The bone is formed in membrane as in the 
hmnan f oetus, but a thin plate of cartilage rises up on its inside from the base of the 
skull. The ossification, however, is decidedJy unconnected with the cartilage, and 
goes on in a membrane lying outside of it. 

When farther examined with a higher magnifying power, the tissue or membrane 
in which the ossification is proceeding, appears to be made up of fibres and granular 
corpuscles, with a ground-substance between, and, in point of structure, may not 
unaptly be compared to connective tissue in a certain stage of development The 
corpuscles are large and angular, and they are densely packed all over the area of 
ossification, covering the bony spicula, and filling up their interstices. 

On observing more closely the points of the growing osseous rays at the circum- 
ference of the bone, where they shoot out into the soft tissue, it will be seen that 
the portion of them already calcified is granular and rather dark in appearance 
(fig. 809), but that this character is gradually lost as they are traced further out- 
Fig. 308.- — Parietal bone of an embryo sheep. 
Sim of the embrto 2J inches. (Sharpey.) 

The small upper figure represents the bone of 
the natural size, the larger figure is magnified about 
12 diameters. The curved line, a, 6, marks the 
height to which the subjacent cartilaginous lamella 
extended. A few insulated particles of bone are 
seen near the circumference, an appearance which 
is quite common at this stage. 

wards in the membrane, in which they are 
prolonged for a Httle way in form of soft 
and pliant bundles of transparent fibres 
(fig. 309, B, of). 

These are termed osteogenic fibres, the 
soft transparent matter of which they are 
composed being known as osteogenic sub- 
stance, or simply as osteogen. They 
exhibit faint fibrillation, and have been 
compared to bundles of white connective 
tissue fibres, with which, in some 
situations, they appear to be continuous 
(Gegenbaur). But although similar in 
chemical composition, they are somewhat 
different from these in appearance, having a stiffer aspect and straighter course, 
besides being less distinctly fibrillated. The fibres become calcified by the 
deposition within them of earthy;'salts in the form of minute globules, which 
produce a darkish granular opacity, until the interstices between the globules 
also become calcified, and the minute globules becoming thus fused together, the 
new bone again looks comparatively clear (fig. 309, B, h). 

As already stated the fibrils which compose the osteogenic fibres themselves, are, according 
to V. Ebner, not calcified, but the calcification affects only the matrix which unites 
them. 




The bundles of osteogenic fibres which prolong the bonj^ spicules, generally 
spread out from the end of each spicule so as to come in contact with those from 
adjacent spicules. When this happens, the innermost or proximal fibres frequently 
grow together (fig. 309, B, c), whilst the other fibres partially intercross as they 
grow further into the membrane. The ossific process extends into the osteogenic 
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fibres pari passu with their growth, and thus new bony spicules become continually 
formed by calcification of the groups or bundles of osteogenic fibres. 
, The earthy deposit occasionally appears in an isolated patch here and there on 
some of the osteogenic fibres in advance of the main area of ossification (see 
fig. 809, A, a). 

The osteogenic fibres become comparatively indistinct as they and the substance 
between them calcifies ; they appear, however, to persist in the form of fine fibres, 
such as are seen in the lamellae of the adult bone, although in the embryonic bone 
their disposition is not lamellated, the bony matter having a somewhat coarsely 
reticular structure. 

In this way the first bony matter becomes formed as a perforated plate or 
network of osseous spicules, which, whilst becoming extended peripherally in the 
way above described, gradu- 
ally becomes thicker nearer 
the centre, partly by the 
deposit of bony matter upon 
its surfaces, partly by the 
projection from them of bony 
spicules which are prolonged 
like those at the periphery by 
similar systems of osteogenic 





Fig. 309.— Part of the bkvslopino parietal bone of a foctal oat (1} inch long). (From 
drawings by Mr. J. Lawrence. ) (E. A. S. ) 

A, a piece of the growing edge slightly magnified , showing the bony spicules terminated by bnnches 
of osteogenic fibres ; a, an isoUted bony spicule united to the main part of the ossification by a bundle of 
osteogenic fibres. 

B, the part marked h of the smaller figure, highly magnified ; tp, bony spicules, with some of the 
osteoblasts imbodded in them, producing the lacunse ; ost, osteoblasts partly imbedded in the newly 
formed bone ; o/, osteogenic fibres pr^onging the spicules, with osteoblasts between them and applied to 
them ; a, granides of calcareous deposit between the osteogenic fibres ; at h the granules have become 
blended, and the matrix is clearer ; at o a continuity is established between the two adjacent spicules. 



fibres. The perforations in these first-formed bony plates correspond to the 
bays which were seen between the advancing spicules, and to the meshes of the 
bony network formed afterwards by the junction of the spicules, and as the bone 
thickens they become enclosed and converted into reticulating interstices (like the 
canals of a sponge), which are occupied by blood-vessels, and by the corpuscles 
above mentioned. These corpuscles also everywhere cover the osteogenic fibres, to 
which then* flattened sides are often applied (fig. 309, B, osi). "Where the osteogenic 
fibres diverge from one another, the intervals are occupied by the same cells. It is 
probable that the osteogenic substance is formed by the agency of the cells in 
question, hence the name '^osteoblasts'^ was assigned to them by Gegenbaur. 
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Some of the osteoblasts are involved in the ossifying matrix, and remain as the 
oorpnscles of the future bone, the spaces enclosing them being the lacunas. It is 
supposed that the canaliculi, which are at first short, are afterwards extended by 
absorption, so as to anastomose with those of neighbouring lacunae. 

It is believed by many histologists that the fibrillated (rronnd-snbataiice of bone is formed 
not oatflide the cells in an intercellular substance, but by a direct conversion of the proto- 
plasm of some of the osteoblasts into bony tissue. If this were the case, there ought to be 
some indication in the formed osseous substance of the cell-areas of which it was made up, 
but nothing of the kind has been shown to exist There should moreover often be observed 
osteoblasts which are only i)artly converted into bony substance, but this has also never been 
described. And if as some suppose, the peripheral part of each osteoblast becomes converted 
into osseous substance, whUe the central i)art and nucleus remain as the corpuscle within a 
lacuna, the osteoblasts would have to be originally far larger than the permanent lacunsB, 
which is certainly not the case. The view in question is similar to that which supposes 
ordinary, connective tissue to have a like origin, and appears to rest more upon theoxy than 
on actual observation of the stages of the developmental process. 

Meanwhile, the meshes of the bony network, which were occupied as we have 
seen by one or more blood-vessels^ and by numerous osteoblasts, become diminished 
in extent, and the bone at the same time increased in thickness by the deposit upon 
the original trabecules of irregular bony laminae and trabeculae, some of the osteo- 
blasts remaining, and forming the corpuscles and lacunas as before. The interstices 
of the bony spongework thus becomes gradually narrowed, containing one or more 
blood-vessels surrounded by osteoblasts. 

At a later st^e the increase in thickness takes place by successive depositions of 
bony lamellas under the periosteum, a concentric deposition occurring at the same 
time on the walls of the vascular channels. But since the growth in thickness of a 
membrane-bone takes place in exactly the same manner as that of one of the long 
bones, which will be fully described in a subsequent page, the reader is referred to 
the account of the process there given. 

It may be observed that the appearance of the ossifying membrane-bone in the 
shape of a network of trabeculse seems to be determined by the pre-existence of a 
vascular network in the embryonic tissue. The new bone everywhere makes its 
appearance in the spots which are furthest from the vessels, and the bony network 
everywhere alternates with the vascular network. At the edges of the advancing 
bone the spicules which prolong it pass between, and avoid the capillary blood- 
vessels, which are thus left in the bays between the spicules : the divergent bunches 
of osteogenic fibres which prolong the adjacent spicules complete the enclosure of 
the blood-vessel. 

After a time the membrane-bone extends so as almost to come into contact with 
the neighbouring bones. But as long as growth continues, there always i^mains in 
the situation occupied afterwards by the sutures a vascular connective tissue with 
numerous osteoblasts. This is continually on the increase, but as fast as it grows, 
the osteogenic fibres and the osseous spicules extend into it from the young bones 
on either side. At length, however, when these have attained their full dimensions, 
the growth of the intermediate tissue ceases, and it becomes completely invaded by 
the bone on either side, with the exception of the narrow and irregular line of 
suture, which may eventually itself become more or less obliterated. 

From a morphological point of view, the membrane-bones, especially those of the skull, are 
probably to be regarded as the modified remains of an integumental skeleton which is 
extensively developed in some of the lower vertebrata, and which had in all probability as its 
phylogenetic precursor a formation of dentinous, cutaneous spines. Even the membrane- 
formation in connection with the caitilage-bones may have originated in the same manner. 
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0BBX7IGATI0N IN OARTHiAQa. 



It has already been stated that, in by far the greater number of bones the 
mesodermic tissue with closely packed cells, of which they originally consist, is 
very quickly succeeded by cartilage, in which the ossification begins. One of the 
long bones taken from a very small embryo, just before ossification has conmienced 
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Fig. 310.— Humerus op a 

FOCTUS, NATURAL SIZE. 

(Sharpey.) 

The upper port is divided 
longitudinally, a, cartiliige, 
6, line of junction of bone 
and cartilage. The perios- 
teal bone looks lighter than 
the endochondral bone pro- 
per. 




Fig. 811. — Section of phalangeal bone op human pcetus, at the time op comxencino ossipica- 
TiON. Photographed from a preparation by Mr. F. A. Dixey. Magnified about 75 diameten. 
(B. A. S.) 

The cartilage cells in the centre are enlarged and separated from one another by dark- looking calcified 
matrix ; tm, layer of bone deposited underneath the periosteum ; o, layer of osteoblasts by which this 
layer has been formed. Some of the osteoblasts are already embedded in the new bone as lacan». The 
caxtilage-cells are becoming enlarged and flattened and arranged in rows above and below the calcified 
centre. At the ends of the cartilage the cells are smaU and the groups are irregularly arranged ; the 
fibrous periosteum is not sharply marked off from the cartilage. 



in it, is observed to be distinctly cartilaginous. In the tibia of a sheep, for example, 
at a time when the whole embryo is not more than an inch and a quarter in length, 
we can plainly see that the substance consists of cartilage-cells imbedded in a 
pellucid matrix. These cells can scarcely be said to be collected into groups, and 
are very irregular in size and shape. They become enlarged in the middle part of 
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the shaft when ossification is abont to commence. As it grows, the cartilage 
acquires firmer consistence ; it represents in figure the future bone, though of 
course much smaller in size, and it is surrounded with a fibrous membrane, the 
future periosteum. Vessels ramify in this membrane, but none are seen in the 
cartilage until ossification is about to begin. In a long bone the ossification 



Fig. 312. — Skction op part of one of the 

LIMB BONES OF A FCBTAL CAT, AT A 
XO&E ADVANCED 8TA0E OF OSSIFICATION 
THAN IS REPBESENTED IN FIO. 311, AND 
SOMEWHAT MORE HIGHLY MAONIPIET). 

(Drawn by Mr. J. Lawrence.) (E.A.S.) 

The calcification of the cartilage matrix 
has advanced from the centre, and is extend- 
ing between the groups of cartilage-cells 
which are now arranged in characteristic 
rows. The subperiusteal bony deposit (im) 
has extended pari passu with the calcifica- 
tion of the cartilage matrix. The cartilage 
cells in the primary areolae are mostly 
shrunken and stellate, in some cases they 
have dropped out of the space. At ir and in 
two other places an irrnption of the sub- 
periosteal tissue, composed of ramified cells 
with osteoblasts and growing blood-vessels, 
has penetrated the subperiosteal bony crust, 
and has begun to excavate the secondary 
areolae or mwiuUary spaces ; p, fibrous layer 
of the periosteum ; o, layer of osteoblasts, 
some of them are embedded in the osseous 
layer as bone-corpuscles in lacunae ; bl^ blood- 
vessels occupied by blood-corpuscles. Be- 
yond the line of ossific advance the perios- 
teum may be noticed to be distinctly in- 
curved. This incurvation is gradually 
moved on, the ca^ilage expanding behind 
it until the head of the bone is reached, 
when it forms the periosteal notch or groove 
represented in fig. 313,^. 



commences in the middle and pro- 
ceeds towards the ends, which 
remain long cartilaginous, as re- 
presented in fig. 310. Much 
later, separate points of ossification 
appear in them, and form epiphyses, 
which at last are joined to the body 
of the bone. 

The manner in which the process of ossification of a cartilage bone takes place 
is as follows : — 

In the middle of the cartilage the cells are enlarged, and are separated from one 
another by a relatively larger amount of matrix than elsewhere (fig. 311). This 
matrix becomes hardened by calcareous deposit, assumes a granular opaque appear- 
ance, and has a gi'itty feel to the knife. Meanwhile the cartilage-cells above and 
below the centre of ossification become enlarged and flattened, and piled up in 
elongated groups or columns which radiate from the centre for a certain distance 
towards either end. The columns taper towards their ends, where the cartilage-cells 
which compose them are smaller. Into the matrix between these oblong groups the 
calcareous deposit extends between and around the groups of cells, so that the 
calcified substance encloses the columns ; the cell-spaces in the calcified matrix 
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which are still occapied by the cartilage-celLs, either singly or in elongated groups, 
being termed the primary areolct (Sharpey). Simaltaneously with this deposit in 
the cartilage-matrix, a layer of osseoas substance (fig. 811, im) is becoming formed 
on the outside of the cartilage underneath the periosteum. This last is a vascular 
membrane, containing numerous osteoblasts {p), which are chiefly collected on, the 



Fig. 813.— LONOITCDIHAL SECTION THBOUOH 
THE UPPER HALF OF THE DECALaFIED 
HUXBBUS OF A FOETAL RHEEP, AB SEEN 
UNDEB A XAG5IFTIN0 POWEB OF ABOUT 

80 DIAMETERS. (Drawn by Mr. J. 
Lawrence.) (B.^8.) 

tc, the part of the shaft which was pri- 
marily ossified in cartilage ; what remains of 
the primary bone is represented as dark, 
enveloped by the clear secondary deposit. 
The areola of the bone are occupied by 
embryonic marrow with osteoblasts, and 
blood-yessels yariously cut, represented as 
dark lines. One long straight vessel {bv) 
passes in advance of the line of ossification 
fjBu* into the cartilaginous head, most of the 
others loop round close to the cartilage. 
At one or two places in the older parts of 
the bone elongated groups of cartilage-cells 
(c) may still be seen which have as yet 
escaped absorption, tm, the part of the 
bone that has been ossified in membrane, 
that is to say in the osteoblastic tissue 
under the periosteum. It is well marked off 
from the central portion, and is bounded, 
peripherally, by a jagged edge, the projec- 
tions of which are indistinctly seen to be 
prolonged by bunches of osteogenic fibres. 
A row of osteoblasts covers the superficial 
Uyer of the bone. The subperiosteal layer 
is prolonged above into the thickening (p), 
which encroaches upon the cartilage of the 
head of the bone, and in which are seen, 
amongst numerous osteoblasts and a few 
blood-vessels, the straight, longitudinal oste- 
ogenic fibres (o/), and some other fibres (/>/) 
crossing them, and perhaps representing 
fibres of Sharpey. The calcareous salts 
having been removed by an acid, the granu- 
lar ossific deposit passing up between the 
rows of cartilage-cells is not seen in this 
specimen. Observe the general tendency 
of the osseous trabeculae and the vascular 
channels between them to radiate from the 
original centre of ossification. This is found 
to prevail more or less in all bones when they 
are first formed, although the direction of 
the trabeculffi may af terwai-ds become modified 
in relation with varying physiological condi- 
tions, and especially as the result of pressure 
in different directions. 

inner surface next to the cartilage, 
and it is bj their agency that the 
bony layer on the surface of the 
cartilage is formed and becomes increased both in thickness and length. The 
bony layer, when viewed on the surface, shows the usual component fibres 
of bony lamellse, and as other layers are deposited upon it lacunae become 
formed between them by the inclusion of some of the osteoblasts. In this first 
stage of ossification, we see therefore two processes going on, a deposit of earthy 
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matter in the matrix of the cartilage, the cells of which assume a highly charac- 
teristic arrangement, and a deposition of true membrane-bone, underneath the 
perichondrium, and closely investing the surface of the cartilage. 

What next happens is an irruption of the subperiosteal vascular and osteoblastic 
tissue into the middle of the cartilage, one or more apertures being excavated by 
absorption in the newly deposited osseous lamella and the tissue in question passing 
through these and burrowing into the cartilage (fig. 312, «r). Here it absorbs a 
great part of the calcified matrix, and by demolishing in this way parts of the walls 











II 

Fig. 315. — Transverse skctioh 
of ossiftino cartilaqe, in- 

]. cludino a portion of the 
advancing calcification. 
From the huxeruj of a 
r(etal sheep, maonified 70 

I* DIAMETERS. (Sbarpej.) 

Cy cartilage, the cells of which 
are enlarged, but the matrix not 
yet calcified ; b, primary osseous 
deposit in the cartilage-matrix, 
extending between the cartilage- 
cells and enclosing them in 
primary areolae. 

Fig. 314. — Longitudinal section through part of a phalanx of a 6 months* human embrto. 

(KoUiker.) 
The calcified cartilage is completely absorbed almost to the limit of advancing ossification. The 
darker substance on either side is the periosteal bone. The embryonic marrow has shrunk somewhat 
away from it. 

of the primary areolae, forms larger spaces (the secondary areola of Sharpey, the 
medullary spaces of H. Mliller) which are filled by jelly-like embryonic marrow, with 
ramified cells and osteoblasts, the cartilage-cells which occupied the primaiy areote 
disappearing before it. All the middle of the calcified temporary cartilage becomes 
thus excavated with large spaces and replaced by the vascular osteoblastic tissue. 
As the calcification of the cartilage-matrix extends towards the ends of the shaft, 
proceeding always in the same manner, the osteoblastic tissue closely follows, and 
after supplanting the cartilage-cells in the primary areolae, absorbs parts of their 
walls so as to throw two or more together to form secondary areolae ; in this way a 
great part of the primary bone (or calcified cartilage-matrix) is at once removed. 

At a short distance below the advancing ossification, the medullary spaces 
become at first somewhat more enlarged by further absorption, but at the same time 
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their walls (which were at first formed only by the remains of the walls of the 
primary areolae and therefore only by calcified cartilage-matrix) begin to be 
thickened by the deposition of layers of new bone, and this deposition increases 
gradually towards the middle of the shaft (compare fig. 817, c and d). The lacunae 
first appear in this deposit, there are of coarse none in the calcified cartilage. 
Moreover as layer after layer is deposited upon the walls of the meduUaiy spaces 
these become gradually narrowed into inter-communicating channels, which contain 
little more than a blood-vessel and some jelly-like embryonic connective tissue (foetal 
marrow) with a few osteoblasts applied to the bone. 

In the end, some of the enlarged cavities and their walls remain to form the 
cancellated tissue, but much of this structure is afterwards removed by absorption, 
to give place to the medullary canal of the shaft. In many of the cavities the 
walls of the coalesced primary areolae may long be distinguished, like little arches, 
forming by their union a sort of festooned outline, upon which the new bony 
laminae are deposited (see fig. 818, and fig. 805, c). 

In some of the smaller bones it may happen that the calcified cartilage is 
completely absorbed from the centre of the shaft before any new deposition of bone 
takes place. This is the case in the phalanges (fig. 814). 

The primary osseous matter forming the original thin walls of the areolae, and 
produced by calcification of the cartilaginous matrix, is decidedly granular, and 
has a dark appearance ; the subsequent or secondary deposit on the other hand is 
quite transparent, and of a uniform, homogeneous aspect. This secondary deposit 
begins to cover the granular bone a very short distance below the surface of 
ossification (see fig. 817), and, as already stated, increases in thickness further down. 

Close to the limit of advancing ossification, the blood-vessels terminate in capil- 
lary loops (see figs. 313, 817), which are often somewhat dilated. It is supposed by 
Ranvier that these vascular loops by their growth directly produce absorption of the 
cartilage, but it is more probable that this is caused by the agency of some of the 
cells which accompany the blood-vessels. The absorption of the walls of the 
primary areolse (calcified cartilage-matrix) seems to be effected by certain large 
cells (fig. 817, /, /) which from their function have been termed by Kolliker, 
ostoclastSy and which are found wherever bone is being eaten away : we shall 
return to them further on. The secondary bone which thickens the walls of the 
medullary spaces is no doubt formed by the osteoblasts. 

With regard to the destination of the cartilage-cells, two opposite views have 
been taken by histologists. According to one, which was that adopted by H. 
Mtiller, and has received most adherence, the capsules are opened by absorption, and 
the cells are converted, after undergoing division, into osteoblasts. According to 
the other, the cartilage-cells themselves become removed by absorption, and take no 
part, directly or indirectly, in the production of the secondary bone. The latter 
view of the matter was taken by Lov^n, and it was also regarded by Sharpey as in 
all probability the more correct. 

It is difScult to decide between these views. All that can be said is that the 
line of demarcation between the cartilage-cells and the osteoblastic tissue is 
exceedingly abrupt (fig. 817), and that the latter often, if not always, terminates 
either by a dilated vascular loop, or it may be by a developing capillary filled with 
blood corpuscles. Except that they are generally much shrunken and irregular in 
form (at least after death or the action of reagents), the cartilage-cells show no 
absorption and no distinct evidence of division, and it may be remarked that this 
is also the case when, as sometimes happens, they have not disappeared before the 
advancing subperiosteal tissue, but remain for a time still occupying an untouched 
primary areola (see fig. 818, c). 

As ossification advances towards the ends of the bone, the portion as yet 
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cartilaginous continues to grow at the same time, increasing in every dimension. 
The part already osseous increases also in circumference ; fresh bone being 
continually deposited in the subperiosteal membranous tissue outside that which 
is first formed on the surface of the cartilage (figs. 813, 318). The subperiosteal 





Fig. 316. — Small portion of a srction of developing bone, taken at the junction of the 

BONE AND CARTILAOE, AND EXAMINED IN THE FRESH CONDITION. MAGNIFIED ABOUT 140 DIAMETERS. 

(Sharpey.) 

o, h, two of the new-formed osseous tubes or areolie, with a few shrunken cartilage- cells lying in them ; 
e, cartilage-cells near the ossifying surface, lai^ge and clear and filling the cavities in the matrix ; on the 
left of the figure some of them are shrunken. 

Fig. 317.— Part of a lonoitudinal section of the developing femur of the rabbit. Drawn 
UNDER A magnifying POWER OF 350 DIAMETERS (from Klein and Noble Smith). 

a, TOWS of flattened cartiUge-oells : h, greatly enlarged cartilage-cells close to the advancing bone, the 
matrix between is ^tartly calcified ; e. d, already formed bone, the osseous trabecule being covered with 
osteoblasts (e), except here and there, where a giant-cell or ostochist (/), is seen, eroding parts of the 
trabeculflB ; ^, A, cartilage-cells which have become shrunken and irregular in shape. From tlie middle of 
the figure downwards the dark trabecule, which are formed of calcified cartilage matrix, are becoming 
covered with secondary osseous substance deposited by the osteoblasts. The vascular loops at the extreme 
limit of the bone are well shown, as well as the abrupt disappearance of the cartilage-cells. 

deposit takes place in the same way as in the formation of a membrane bone. Bony 
spicules prolonged by bunches of osteogenic fibres (fig. 318) project out from the 
previously formed layer, into the intervals between the blood-vessels. By the union 
of the spicules the vessels become in like manner enclosed in channels whose walls 
are gradually thickened by deposits of osseous substance, between which some of 
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the osteoblasts are left behind as bone-corpuscles in laconaB, whilst others remain 
sarronnding the blood-vessels within the meshes. 

The question whether bone can be directly formed from cartilage by a transfor- 
mation of the cartilage-matrix into osseous tissue, whilst the cartilage-cells become 
bone-corpuscles (metaplastic ossification), is one which has been much discussed of 
late years and can hanlly as yet be said to be definitely decided. But although the 
cells of a calcified cartilage in the neighbourhood of advancing ossification some- 
times appear stellate and simulate bone-corpuscles, and the calcified fibrous matrix 





Fig. 318. — Part of a tbansykrsb section of a dbtblopiko lomq bone, ratheb xobe adtavcki> 

THAN THAT REPRBSENTBD IN FIO. 313, AND UNDER ^ A HIOHER MAQNIFTINQ POWER (B. A. 8.)- 

From a drawing by Mr. J. Lawrence. 

cb, endochondral bone which began as a calcification of the cartilage-matrix, parts of which stiU 
remain (e) covered over by secondary osseous deixwit ; o, secondary areola, occupied by vessels, fcetal 
marrow, and osteoblasts ; pb, periosteal bone deposited in the form of irregular trabeculee, prolonged 
externally by bony spicules passing into bunches of osteogenic fibres. These, which are everywhere 
covered with osteoblasts, become lost in the external fibrous layer of the periosteum, p ; bl,bl, blood- 
vessels variously cut. 

Fig. 319. — Longitudinal section through the periosteal thickening of a bone at about ths 
SAME STAGE OF DEVELOPMENT AS THAT REPRESENTED IN FIG. 313. From a drawing by Mr. J. 
Lawrence. (B. A. S. ) 

c, cartilage with the cells in rows ; the tissue of the periosteal thickening is sharply marked off from 
it except near the surface ; p, outer layer of the periosteum ; t, p^ inner layer of Uie periosteum or 
subperiosteal tissue, with osteogenic fibres, and osteoblasts. One or two blood-vessels are observed cut 



of the cartilage may in like manner simulate osseous tissue, there is not sufBoient 
evidence to show that true lamellar bone is formed in any other way than through 
the agency of osteoblasts. 

The first formed bony tissue is different in its general appearance from the bony 
tissue of the adult, being reticular and not regularly lamellar, and, for a long while, 
even the shafts of the long bones are rather cancellated, than compact in their 
texture. The more obviously lamellated condition does not begin to appear until 
about the sixth month after birth, when the periosteum deposits a succession of 
entire lamellae around the embryonic bone. The blood-vessels which pass from 
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the periostenm into the bone, pierce these eircamferential lamell®, bnt are not at 
first surrounded with concentric lamelte, and do not therefore lie in true Haversian 
canals.^ These canals become formed later by absorption taking place around 
the blood-vessels for some little distance, succeeded by a re-deposition of concentric 
lamellae within the Haversian spaces thus formed. 

Immediately before the occurrence of the lamellar deposition under the 
periosteum, the young bone undergoes a process of absorption from the inside. 
The medullary canal becomes thereby enlarged, and the medullary spaces, 
particularly those near the medullary canal, partaking of this absorption and 
enlargement, the result is that at about this period there is less bony matter in 
a section of the shaft than there was immediately before. To the change in 
question Schwalbe has given the name " osteoporosis ; " it is followed by a re* 
deposition of osseous lamellsa both on the wall of the medullary canal, and on the 
walls of the meduUaiy spaces of the embryonic osseous tissue. 

Since the cartilage grows in every dimension by interstitial expansion, the bone 
which is invading it (endochondral bone) becomes gradually wider as the ossification 
advances. It is narrowest near the centre of the shaft where the process began, and 
widens gradually towards the ends ; it has therefore somewhat of an hour-glass shape 
(fig. 813, f.c.). The cylindrical form of the shaft is maintained, however, by the thick- 
ness of the periosteal bone being greater at the centre (where the deposition of bone 
first began, and has been longest proceeding) than at the ends. Hence it gradually 
diminishes to a thin layer immediately investing that part of the cartilage into 
which the calcification is extending, so that the intramembrauous subperiosteal 
ossification on the outside, may be said to closely accompany, if it does not even 
precede, the calcification of the cartilage in the interior. Either this investment of 
periosteal bone, or the calcification of the cartilage, seems to hinder the lateral 
expansion of that part of the cartilage in which the calcification is proceeding ; but 
immediately beyond, the interstitial expansion mentioned takes place. By the time 
that the ossification has advanced to the extremities of the shaft, the enlarged and 
expanded end of the cartilage has extended itself over the subperiosteal layer, so 
that this, with the accompanying osteoblastic tissue, now seems to lie in a groove 
or notch (fig. 313, jt?) in the cartilagino.us head of the bone (Ranvier). This groove 
is filled with the same tissue as that which underlies the rest of tjie periosteum, 
namely, a vascular tissue with branched cells and osteoblasts and osteogenic fibres. 
The latter are prolonged from the periosteal bone, and have for the most part a 
longitudinal direction (fig. 319). The tissue which fills this periosteal notch 
appears to become gradually converted by a metaplastic process into cartilage in 
the same way as the superficial part of a rib cartilage is formed by conversion of 
the deeper layers of the perichondrium (see p. 253). Thus, besides the interstitial 
growth and expansion of the cartilaginous end, there is a constant new formation 
of cartilage going on at its surface. 

Blood-vessels extend from the newly-formed osseous tissue beyond it into the 
cartilage. The vessels are lodged in excavations or branching canals in the 
cartilage (fig. 813), which also contain granular corpuscles (? osteoblasts). Other 
vascular canals enter the cartilage from its outer surface, and conduct vessels into it 
directly from the perichondrium. 

The formation of osseous tissue, having thus proceeded for some time in the 
shaft, lat length begins in the extremities of the bone from one or more independent 
centres, and extends through the cartilage, leaving, however, a thick superficial layer 
of it unossified, which permanently covers the articular ends of the bone. The 

^ Bven in the adult bone it may often be noticed that the blood-yesaels which pierce the superficial 
lamella are not enclosed by Hayersian systems (see pp. 257 — 8). 
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epiphyses thus formed are separated, as long as growth continues, from the shaft or 
diaphysis by an intervening portion of cartilage, which is at last ossified, and the 
bone is then consolidated. 

A remarkable exception to the ordinary mode of ossification of the cartilage-bones 
occurs in the terminal phalanges of the digits. In these the calcification of the 
cartilage begins at the distal extremity or tip, and the sub-periosteal deposit appears 
simultaneously at the same point, and forms a cap-like expansion over the end of the 
phalanx. The irruption of the osteoblastic tissue also first occurs at this place. The 
expanded portion of the phalanx which bears the nail is formed independently of 
cartilage (Dixey). 

Growth aoid absorption of bone. — The time of final junction of the 
epiphyses is diflerent in diflTerent bones ; in many it does not arrive until the body 
has reached its full stature. Meanwhile, as above described, the bone increases ia 
length by the ossification continuing to extend into the intervening cartilage, which, 
goes on growing at the same time ; and it appears that in the part of the shaft 
already ossified little or no elongation takes place by interstitial growth.^ This is 
shown by an experiment first made by Hales and afterwards by Duhamel and by 
John Hunter, in which, two or more holes being bored in the growing bone of a 
young animal at a certain measured distance from each other, they are found after 
a time not to be farther asunder, although the bone has in the meanwhile consider- 
ably increased in length. On the other hand, if one hole be bored in the epiphysis 
and another in the shaft, they become distinctly removed from one another with the 
growth of the bone. Moreover, it is well known that if the intervening cartilage in 
growing bone be injured by disease or removed by the knife, the growth of the bone 
in length permanently ceases. 

Both Hales and Duhamel in experimenting on the growing tibia of a chicken, 
observed that the elongation was much greater at the upper end. Humphry has 
shown that in the arm-bones the elongation is greater at the end furthest from the 
elbow joint, and in the leg-bones at the end which is next the knee joint. 

In the' human subject between the first and the fourth or fifth years, the long 
bones grow chiefiy in length, scarcely at all in thickness. 

The shaft of a long bone increases in circumference by deposition of new bone 
on its external surface, while at the same time its medullary canal is enlarged by 
absorption from within. This can be determined by two methods of experimenting. 
Thus, in the first place, a ring of silver or platinum put round the wing-bone of a 
growing pigeon, becomes covered with new bone &om without, and the original bone 
included within it gets thinner, or, according to Duhamel, who first made the experi- 
ment, is entirely removed, so that the ring comes to Ue within the enlarged medul- 
lary canal. Secondly, madder given to an animal along with its food tinges those 
parts in which deposition of new bone is taking place. The earth of bone appears 
to act as a sort of mordant, uniting with and fixing the colouring matter ; and, as 
in this way the new osseous growth can be readily distinguished from the old, advan- 
tage was taken of the fact by Duhamel, and afterwards by Hunter, in their inquiries 
as to the manner in which bones increase in size. By their experiments it was shown 
that when madder is given to a young pig for some weeks, the external part of its 
bones is deeply reddened, proving that the new osseous matter is laid on at the 
surface of that previously formed. Again, it was found that, when the madder was 
discontinued for some time before the animal was killed, an exterior white stratum 
{the last formed) appeared above the red one, whilst the internal white part, which 
was situated within the red, and had been formed before any madder was given, had 

^ The occarrence of a certain amoant of intersUtial ezi)an8ion is strenaously apheld by J. Wolff (see 
Bibliography). 
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become much thianer ; showing that absorption takes place from within. In this 
last modification of the experiment also, as noted by Hunter^ a transverse red mark 
is observed near the ends of the bone, beyond which they are white ; the red part 
indicating the growth in length during the use of the madder, and the white beyond, 
that which has taken place subsequently, — thus showing that the increase in length 
is caused by the addition of new matter to the extremities. Madder administered 
while the process of formation of the concentric lamellae of the Haversian systems 
is going on, colours the interior and recently-formed laminae, so that in a cross 
section the Haversian apertures appear surrounded with a red ring. 

Flourens, and more recently, Kolliker, have repeated and varied these experi- 
mentSy and have represented the results in beautiful delineations. Kolliker has, 
in addition, carefully investigated the microscopic appearances observed in the 
process of absorption of bone. From the results of his researches (which were in 
part anticipated by those of Loven), it would seem that the process is essentially 
dependent on the presence of large multi-nucleated cells, by him termed " osto- 
clasts," identical with the '* myeloplaxes " of Kobin (see p. 267), which excavate, in 





Fig. S20. — ThBKS OST0CLA8T8 FBOM ABSOBPTION SUBFACES OF OBOWIlfO BOMB. 400 DIAMKTBB8 

(Kbiliker). 
a, with thickened striated border. 

Fig. 321. — BONT TBABBOULA FBOM THB LOWEB JAW OF A CALF EMBBTO WITH HoW8HIP*8 FOTBOLJB AND 
0IANT-0SLL8 AT TUB ENDS WHEBB ABSORPTION 18 PBOOBBDINO AND OSTEOBLASTS COYBBIKO THB 
8IDBS WHEBB BONB IS BEINO DEPOSITED (KdUiker). 

the part which is undergoing absorption, small shallow pits (foveolce) in which also 
they lie. These pits were first noticed by Howship : they seem to occur wherever 
absorption is proceeding, and it is to them that the festooned appearance of the 
Haversian spaces (p. 264) is due. The ostoclasts (figs. 320, 821) vary in size, but are 
always many times larger than a blood-corpuscle : in shape they are spheroidal or 
flattened, with either an even or an irregular outline. Their substance is granular 
in appearance, and they each contain from two to ten clear round nuclei, but this 
number may be considerably exceeded, whilst on the other hand, there may be but 
one large nucleus provided with a number of bud-like projections. The ostoclasts 
have frequently on the side by which they are in contact with the bone a thickened 
striated border (fig. 320, a), somewhat similar to the well-known thickened base of 
the columnar epithelium-cells of the intestine. With respect to the origin and 
destiny of the ostoclasts, they are regarded by Kolliker both as in the first instance 
derived from and as eventually breaking up into osteoblasts. Ostoclasts are found 
in connection with the roots of the milk teeth where these are undergoing absorp- 
tion to make way for the permanent set. They were also noticed by Billroth to 
produce absorption of ivory pegs which had been driven into bone. Precisely 



284 BOKE OR OSSEOUS TISSUE. 

similar cells occur onder pathological conditions in various situations apart from any 
hard tissue, and have long been known as *' giant-cells " (Rissemellen, Virchow). 

The changes of shape which the bones undei^o in the process of growth, as well 
as any changes which may occur in them in adult life, are all produced in the same 
manner as the increase of size — that is to say, not by interstitial growth and 
expansion of the substance of the bone in one direction more than in another, bat 
by a deposition of new bone by osteoblasts at some parts and a simultaneous absorp- 
tion by ostoclasts at others ; whilst in other places again neither absorption nor 
deposition is occurring — just as a modeller corrects his work by laying clay on at 
one part whilst removing it at another.^ 

Since during the growth of bones their shape is becoming continually altered, it 
follows that in nearly all bones during growth there are parts of the bone which are 
in process of absorption, and others which are in process of more active deposition 
than the rest. In most of the long bones, towards their ends, absorption is 
generally taking place at one side, and deposition on the opposite side. The 
former process may, and probably does, proceed to such an extent, that the 
endochondral bone may be laid bare or even partially absorbed, but after a while, 
when the absorption has ceased at any part, re-deposition may take place, the 
ostoclasts being replaced by osteoblasts, and successive circumferential lamells 
being deposited by these. 

A large amount of variation is met with in the different bones of the skeleton in 
the relative extent to which they are formed in cartilage and in the sub-periosteal 
tissue respectively. Whereas in some, such as the shafts of the long bones of the 
limbs, the endochondral bone is almost entirely removed,' as we have seen, and 
periosteal bone substituted for it ; in others, such as the bodies of the vertebrae, and 
the epiphyses of the long bones, a much lai^er proportion of the adult bone has had 
an endochondral formation. In one or two bones or parts of bones again, which 
may be said to have typically an intramembranous origin, cartilage may, according 
to Eassowitz, become developed under the periosteum at certain places, and the 
continuation of the ossification may occur in this secondarily developed cartils^. 
This is said to be the case with the clavicle, the foundation of which is laid in 
membrane, but which is found at a later period to have cartilaginous ends ; and ako 
with the halves of the lower jaw-bone, which develops cartilaginous ends both 
towards the symphysis and towards the articular and coronoid processes, these 
cartilaginous ends being altogether distinct from the cartilage of Meckel, which at 
those parts is unconnected with the jaw-bone, although at another place (in front) 
it is involved in the ossification of the maxilla (see vol. ii., p. 78). Kassowitz has 
described similar cartilaginous developments in connection with the sub-periosteal 
tissue at the tuberosity of the radius and the spine of the scapula. They are merely 
an extension of the process which normally goes on at the ossification groove 
(p. 279). 

.The time of conmiencement of ossification in the difPerent bones, as well as 
the number and mode of conjunction of their centres of ossification, are treated 
of in the Descriptive Anatomy (vol. ii.). 

Begeneratioii of bone. — In the reunion of fractured bones, osseous matter 
(often preceded by a new formation of cartilage), is formed between and around the 
broken ends, connecting them firmly together ; and when a portion of bone dies, a 
growth of new bone very generally takes place to a greater or less extent, and the 
dead part is thrown off. The importance of the periosteum in the process of repair 
is shown by the fact that if a portion of periosteum be stripped off, the subjacent 

1 For special details of this modeUing process os it is met vith in the different bones of the skeleton, 
the reader is referred to KoUiker's memoir ; Die normale Resorption des Knocbengewebes. Leipzig, 
1878 ; and to a paper by Kassowits (Die normale Ossification, &c.) in Strieker's Med. Jahrb. 1879 — 1880. 
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bone will be liable to die and exfoliate ; conversely, if a large part or the whole of a 
bone be removed and the periostenm at the same time be left intact, the bone will, 
in a great measnre, be regenerated. Osseous formation will even occur in connection 
with portions of periosteum which have been stripped away from the bone itself and 
intertwined amongst the muscles of the part, or even with portions that have been 
entirely removed from a bone and transplanted to a soft tissue (Oilier). 

It is doubtfhl if the marrow-tissue can assist in the r^neration of bone. 
Experiments which have been made to determine this point would seem to show 
that although in the young bone, where the osteoblasts still retain their osteogenic 
function, the medullary tissue may take an active part in the formation of the 
first-formed new bone or " callus," in the adult no such participation of the marrow 
in the regeneration of bone takes place. 

In the young subject even small pieces of the bone itself can be transplanted, 
and McEwen has succeeded in renewing the greater part of the excised humerus 
of a child by the introduction, at successive periods, of portions of fresh bone 
removed from another patient. 

It was long sappofled that all the bones of the skeleton were preceded by and deposited in 
oartilair^ Nesbitt, however, showed in 1736 that some of the flat bones were formed inde- 
pendently of cartilage, and he further maintained that the cartilage is " entirely destroyed ; " 
he therefore considered it to be a mere temporary substitute ; but the steps of the process of 
intxacartilaginous ossification as now traced wii^ the aid of the microscope were unknown 
to him, and it was not until the year 1846 that the manner of formation of bone and the 
extensive replacement of the primarily ossified cartilage by new bone formed in membrane 
was made clear by the researches of Sharpey, who published the results of his work in the 
fifth edition of this book. 
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KUSCXTIiAB TISSTTB. 

The muscular tissue is that by meaus of which the active movements of the body 
ore produced. It consists of fibres, which are for the most part collected into 
distinct organs called ^' muscles/' and in this form it is familiarly known as the flesh 
of animals. These fibres, from a characteristic appearance which they exhibit under 
the microscope, are usually known as *' cross-striped " or ** striated ; " they are 
many of them under the control of the wiU, and are hence often spoken of as 
'* voluntary " muscles. Another kind of muscular tissue is disposed around the 
blood-vessels and most of the hollow viscera, often forming a distinct coat or coats to 
these. In this kind the fibres do not exhibit the same cross-striated appearance, 
and they have therefore been termed in contradistinction " plain " or " non-striated " 
muscular fibres. Most of these are entirely withdrawn from the control of the will, 
and they are therefore also termed involuntary. - The muscular tissue of the heart, 
ftlthough having a cross-striated appearance, differs in many respects from that of 
the skeletal muscles : it is therefore described separately under the term " cardiac " 
muscular tissue. Muscular fibres are endowed with contractility, by virtue of which 
they shrink or contract more or less rapidly under the influence of cei*tain causes 
which are capable of exciting or calling into play the property in question, and which 
are therefore named stimuli. 



BTRUOTTTIta OF OBOB&43TItIATSD OB BXBXATAIi MUaOIiXB. 

The skeletal muscular fibres are for the most part gathered into distinct organs 
or muscles of various sizes and shapes, but most generally of an oblong form, and 
fornished with tendons at each extremity, by which they are fixed to the bones. 

The fibres are in the first place collected into bundles, of greater or less thick- 
ness, named fascieuU or lacerti (fig. 822). The fibres are paraUel in the fasciculi ; 
and the fasciculi extend continuously from one terminal tendon to the other, unless 
in those instances, like the rectus muscle of the abdomen and the digastric of the 
{nferior maxilla, in which the fleshy part is interrupted by interposed tendinous 
tissue. The fasciculi also very generally run parallel, and, although in many 
instances they converge towards their tendinous attachment with various degrees of 
inclination, yet in the voluntary muscles they do not interlace with one another. 

An outward investment or sheath of areolar tissue {epimysium) surrounds the 
entire muscle, and sends partitions inwards between the fasciculi ; furnishing to 
each of them a special sheath {perimysium)} The areolar tissue extends also between 
the fibres {endomysium), but does not afford to each a continuous investment, and 
therefore cannot be said to form sheaths for them. Every fibre, it is true, has a 
tubular sheath ; but this, as will be afterwards explained, is not composed of areolar 
tissue. The perimysium contains elastic as well as white fibres ; but the elastic 
element is found principally in its investing, as distinguished from its penetrating, 
portion. In the endomysium numerous plafima-cells are found. The chief uses of 
the areolar tissue are to connect the fibres and fasciculi together, and to conduct and 
support the blood-vessels and nerves in their ramifications between the parts. The 
relation of these different subdivisions of a muscle to each other, as well as the shape 
of the fasciculi and fibres, is well shown in transverse section (figs. 822 and 823). 

^ The term perimysium Imb usually been employed to designate the external investment of the whole 
muscle as well as the special sheath of each fasciculus. I have ventured, however, to introduce the 
word epimysium for the general sheath, since the terms will then have a close analogy with those which 
are applied to the connective tissue investments of a nerve (see p. 824). 

V 2 
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rasoionli. — The fasciculi are of a prismatic figure, and their sections have 
therefore an angular outline (fig. 322). The number of fibres of which they consist 
varies, so that thej difier in thickness, and a large fasciculus maj be divisible into 
two or three orders of successively smaller bundles, but of no regularly diminishing 
magnitude. Some muscles have large, others only small fasciculi ; and the coarse 
or fine texture of a muscle, as recognized by the dissector, depends on this circum* 





Fig. 822. — A, SMALL POBTION OF UUBOLR, OONSISTIirO OF LABOBR AND SMALLER FASOTOUU, XATUEAlr 
Bm ; B, THE SAME MA05IFIED 5 DIAMETERS, SHOWXKO A TRAXSVERSE SEOTIOX. (Shup^.) 

Fig. 828. — A FEW MUSOULAE. FIBRES, BEIBO PABT OF A SMALL FA80I0ULUS, MOBE HIOHLT 

MAGNIFIED. (Sharpej.) 
hf b, fibres ; a, end riew ; c, a ftbre splittiiig up into longiiadinal elements. 

stance. The length of the fasciculi is not always proportioned to the length of the 
muscle, but depends on the arrangement of the tendons to which their extremities 
are attached. When the tendons are limited to the ends of a long muscle, as in the 
sartorius, the fasciculi, having to pass from one extremity to the other, are of great 
length ; but a long muscle may be made np of a series of short fasciculi attached 
obliquely to one or both sides of a tendon, which advances some way upon the 
surface or into the midst of the fleshy part, as in the instances of the rectus muscle 
of the thigh, and the tibialis posticus. Many short fiwciculi connected thus to a 
long tendon, produce by their combined operation a more powerful efiect than a few 
fasciculi running nearly the whole length of the muscle ; but by the latter arrange* 
ment the extent of motion is greater, for the points of attachment are moved through 
a longer space. 

Fibres ; their figure aoid meaflniremeut. — In shape the fibres are cylindrical, 
or prismatic with rounded angles. Their diameter varies greatly even in each 
muscle, although for the most part a prevailing standard is found to exist in every 
muscle. The largest fibres in human muscles average about -^ inch (0*1 mm.) in 
diameter, the smaUest are only about one-tenth that width. 

The eye-muscles are mainly composed of small fibres ; and the muscles of the limbs mainly 
of larg'er ones, but there is no constant relation between the size of a muscle and that of it» 
constituent fibres. The fibres tend to be thicker in the male than in the female (for the same 
muscles) ; the differences between different muscles are not evident in infancy; but only mani' 
fest themselves in the process of growth (Schwalbe and Mayeda). 

The fibres composing a muscle are of limited length, generally not exceeding one 
inch and a half ; and accordingly in a long fasciculus a fibre does not reach from one 
tendinous attachment to the other, but ends with a rounded or tapering extremity, 
invested with its sarcolemma, and cohering with neighbouring fibres. Unlaas when 
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Fig. 324. — A BRA5CH1D MUS- 
CULAR FIBRB FROX YRI 
frog's TONQUK, XAOiriFIBD 

350 DIAMBTER8. (KjJlUker.) 



either is fixed to a tendon, both extremities of the fibre terminate in the way 
described, so that it has a long cylindrical shape, bnt when provided with tapering 
ends it becomes somewhat spindle-shaped. In some 
mnscleSy e.g., the sartorins, fibres have been measured 
which are much longer than the dimension above given. 

Generally speaking the fibres neither divide nor anas- 
tomose ; bnt this role is not without exception. In the 
tongue of the frog the muscular fibres (&g. 324) as they 
approach the surface divide into numerous branches, by 
which they are attached to the under surface of the 
mucous membrane (KoUiker). The same thing has also 
been seen in the tongue of man and various animals : 
and the fibres of the facial muscles of mammals divide 
in a similar manner where they fix themselves to the 
skin (Bosk and Huxley). 

Stractnre of the fibres; sarcolemma. — A mus- 
cular fibre may be said to consist of a soft substance 
enclosed in a tubular sheath. The latter is named the 
mrcolemma. It consists of transparent and apparently 
homogeneous elastic membrane, and, being comparatively 
tough, will sometimes remain entire when the included 
muscular substance is ruptured, as represented in figs. 
j325, d2f). It is especially well seen in fish and amphibia, 
for in these it is thicker and stronger than in maiQmalian 
muscle, in which it is more difficult to render evident but 
nevertheless always exists (fig. 326). Nuclei' are found 
on the inner surface of the sarcolemma, but these belong 
rather to the contractile substance than to the 
inclosing membrane, and will be afterwards more 
luUy described. 

MmMmlar substance. — When viewed by 
transmitted light even with a comparatively low 
power of the microscope, the fibres, which are 
clear and pellucid in aspect, appear marked with 
parallel stripes or bands alternately light and 
dark passing across them with great regularity 
(fig. 827), and this not only at the surface but, 

Fig. 326.— Saboolbmma of mammalian musolb, hiohlt maqitifibd. (E.A.S.) 
The fibre is represented at a place where the muscular substance has 
become ruptured and has shrunk away, leaving the sarcolemma (with a nucleus 
jadhering to it) clear. The fibre had been treated with serum acidulated with 
Acetic acid. 

as may be seen by altering the focus of the microscope, through- 
out its substance also. In a moderately extended fibre about 
eight or nine dark and as many light bands may be counted in 
the length of yoW o^ an i^ch, which would give about ytoo^ ^^^^ 
as the breadth of each. But whilst this may be assigned as 
their usual breadth in human muscle, they are in diflFerent parts 
found to be much narrower, so that not unfrequently there are 
twice as many in the space mentioned. This closer approxima- 
tion may generally be noticed in thicker and apparently 
contracted parts of the fibre. The cross-striped appearance, which is very character- 
istic, is found in all the skeletal muscles ; but it is not altogether confined 
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Fig. .325.— Muscular fibbb of fish. 
Substance of fibbb buptubbd so 
AS TO sxhibit sarcolbmma. (After 
Bowman.) 
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to them, for it is seen in the fibres of the heart, and striped fibres are also found 
in some other viscera, such as the pharjnx and upper part of the gullet. 

When the muscular fibreB are deeply f ocussed, the appearance of the striaB becomes some- 
what altered, and a fine line, often dotted, is seen passing across the middle of each light band«^ 
(see fig. 328). This has been termed Dohie'i line or the itria of Amici (dUque wince, Zwi- 
nchenscheihe), and it has been supposed to represent a membrane stretching across the fibre and 
attached at the surface to the sarcolemma (see below). The line is, however, not visible in the 
most superficial planes of the fibre, and although there certainly are membranes crossing the 
fibre at about this situation, they are only seen when the fibre is treated with acids and certain 
other reagents. There is reason to believe that the appearance of a dotted line in this situation 
in the fresh fibre is due to the peculiar optical conditions of the tissue. 

A fine clear line is sometimes to be seen in the middle of each dark band. This was first 
noticed by Hensen, and named the line or disk of IItn*rn. 





Fig. 827. — MuFCULAR fibre of a mammal bxaminkd fresh in sbrum, hiohlt maqnifibd. (E. a. S.? 

This figure was drawn with the surface layer of muscular substance accurately focussed, the lateiaf 
portions having been added by gradually sinking the focus. 

The nuclei are seen on the fiat at the surface of the fibre, and in profile at the edges. 

Fig. 328. — Portion of a human muscular fibre showing pobie's line dt the middle of 
THE CLEAR BAND. (Shaipey. ) 

The proper substance of the fibre presents, besides the transverse bands, an 
appearance of longitudinal striation. On separating the fibre with needles, especially 
after hardening in alcohol, it may be broken up longitudinally into fine longitudinal 
elements, of a rounded or angular section, which run from end to end of the fibre \ 
these may be conveniently termed musch-columns (Eolliker) or sarcoaiyUa} Each 
sarcostyle appears to consist of a row of elongated prismatic particles with clear 
intervals. These particles may be termed sarcous elements (Bowman). The 
sarcostyles are united into the fibre by a variable amount of intercolumnar substance 
to which the name sarcoplasm has been given (RoUett). In some muscles the sarco- 
styles can be made out to be longitudinally striated, an appearance which has led 
some authors to believe that they are composed of still finer elements or fibrils^ 
a term which has also been employed to denote the muscle-columns themselves. 

Under certain circumstances the fibres show a tendency to cleave across in 
a direction parallel to the bands, and even to break up into transverse plates or 

^ ffap^, muscle ; trrvXos, a column. 
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disks, which are formed by the lateral cohesion of the sarcons elements of adjacent 
sarcostyles (fig. 329). To make up such a disk, therefore, every sarco^tyle contributes 
a particle, which coheres with its neighbours on each 
side, and this with perfect regularity. 



From a consideration of these facts Bowman was led to 
conclude the sub-division of a fibre into " fibrils " (sarcostyles) 
to be merely a phenomenon of the same kind as the separa- 
tion into disks, only of more common ocoorrence, the cleavage 
in the latter case taking place longitudinally ii^stead of trans- 
versely ; accordingly, he came to the conclusion that the 
'* fibrlllae ^* (sarcostyles) have no existence as such in the fibre, 
any more than the disks ; but that both the one and the 
other owe their origin to the regi^ar arrangement of the 
particles of the fibre (sarcous elements) longitudinally and 
transversely, whereby, on the application of a severing force, 
it cleaves in the one or in the other direction. That this con- 
clusion was erroneous, however, is shown by the fact that a 
fibre can be split into longitudinal elements after death even 
without the action of any reagents, but never into disks ; 
and also by the circumstance that in certain muscular fibres 
(those which move the wings of many insects) a separation 
into longitudinal elements (sarcostyles) can be seen to pre- 
exist even in the Uving and contractile condition of the 
fibre. Moreover, in these muscles, in consequence of the 
large amount of interstitial substance between the sarcostyles, 
the whole of a fibre never cleaves across into disks. 




Fig. 329. — MuscuLAB fibre prom 

THK LEG or A BEETLE, TREATED 
WITH DILUTE AOID, SHOWIKQ A 
TENDENCT TO BREAK ACROSS 
INTO DISKS. (E. A. S.) 

The sarcoplasm is in the form 
of fine longitudinal lines with dot- 
like enlargements. The ordinary 
cross-stripes of the tissue are not 
seen. 



If a transverse section of a mnscular fibre, or the surface of a separated disk 
(fig. 880 A), is examined with a high power, it appears to be marked out into small 
polygonal areas separated by fine lines which, in acid preparations, have the 










Fig. 330. — Transverse sectiohs of muscle fibres. (E. A. S.) 

A.— Transverse section of a mammalian muscular fibre showing cohnheim's abbas. 
Alcohol preparation. Three nnclei are visible under the sarcolemma. 

B. — An isolated disk of leo-muscle of a beetle treated with dilute ACiD. 

The disk is seen partly on the flat, partly in profile, and exhibits the net-like appearance of the sarco- 
plasm in the transverse section of the fibre : the meshes represent the areas of Cohnheim. 

C. — Transverse section of muscular fibre of leg op wasp, showing a radial disposition of 

THE 8ARC0PLASM. AciD PREPARATION. 

appearance of a network (fig. 330, B). These areas represent sections of the 
muscle-columns ; they are known as Cohnheim' s areas, and the lines between them 
represent the intercolumnar substance or sarcoplasm. The network is coarser near 
the surfaces of such a disk, because, as will immediately be explained, the sarcoplasm 
is increased in amount at regular intervals, corresponding with the bright striae ; by 
alteration of the focus, however, a fine network can be made out through the whole 
thickness of the disk. 
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Although such a network as the one which is shown in fig. 330, B, with polygonal mefihes, 
is characteristic of the transverse section of the muscalar fibres of vertebrates and of those 
of some insects, the fibres of many insects have the appearance in transverse section which 
is shown in figr. 330, C, in which the lines of the apparent network, i,e„ of the sarcoplasm, 
are disposed radially, and the muscle-columns also therefore have a radial disposition and a 
flattened shape. They are generally, however, subdivided by econdaiy septa of sarooplasni 
(not shown in the figure). 

When a muscular fibre is examined in the fresh condition in serum, fine longi- 
tudinal lines are seen, as before mentioned, running through the cross striae (see 
figs. 327, 331). Under favourable conditions, and especially after the action of 
weak acid, which swells the .muscular substance and renders it clearer and more 
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Fig. 831. — Living lkq-musclk of wat«r-beitli (dttisccs mab- 
oiRALis). Highly MAQNiFiED. (E. A. S.) 

», sarcolemma ; o, dim stripe ; 6, bright stripe ; c, row of 
(lots in bright stripe, which are enlaigemeuts or thickenings 
on the longitudinal septa of sarcophism. These septa are repre- 
sented by the longitudinal lines, d. The continuity of these 
lines through the bright stripe is difficult to see in the fresh 
fibre, but after treatment with acid it becomes quite distinct. 



transparent, these lines can be traced from end to 
end of the fibre between the muscle-columns (fig. 
332). By careful focussing it can be made out 
that the lines are really the optical section of the 
planes of separation between the sarcostyles, that 
is to say, they are the optical effect of the intro- 
columnar substance or sarcoplasm. The saixx)plasm, 
then, has in transverse section of the fibre, the appearance of a network ; in longi- 
tudinal optical section the appearance of fine parallel lines ; both these appearances 
are exhibited in the disk shown in fig. 330, B. It may easily 
be understood how these two effects would be produced by 
the presence of a small amount of interstitial substance 
lying between closely packed prismatic columns. 

In most muscular fibres the sarcoplasm farther exhibits 
a peculiarity of arrangement which has a very characteristic 
influence upon the optical appearance of the fibre. As is 
shown in the longitudinal view of the fresh muscle (figs. 327, 
331), and still more strikingly in the longitudinal view of the 
muscle which has been treat^ with acid (figs. 329, 332), the 
lines which represent the intercolumnar sarcoplasm exhibit 
enlargements at regular intervals upon their course. These 
enlargements lie in the bright cross striae, either near its junc- 
tion with the dim cross-striae as shown in figs. 327, 331, pr 
in its middle : in the former case the enlargements form a 
double row in each bright stria, in the latter case they may 
be blended into a single row (as in fig. 340). In the longi- 
tudinal optical section these enlargements of sarcoplasm have the appearance of dots 
upon the fine longitudinal lines which ran through the muscle : in the more extended 
fibres or parts of a fibre, these dots are in double rows, in less extended parts they 
are thicker and blend together in the middle of the bright stria ; this difference is 
well exhibited in fig. 339 at the parts marked R and I respectively. 

The dots of the longitudinal view correspond to the coarser transverse networks 
which are seen near the surface of the separated disks (fig. 330, B), while the fine lines 




Fig. 332. — Muscular 

FIBRK OF AN IN8E0T*S 
LEO AFTER SHORT TRBAT- 
MENT WITH DILUTE FOR- 
MIC ACID. (£. A. S.). 

S, Sarcolemma ; Z>, dot- 
like enkrgement of sarco- 
plasm ; K, Krause's mem- 
brane. 
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of the longitudinal view correspond to the more delicate network seen in other and 
deeper planes of the disks. It is also clear ^m what has been said that these 
rectilinear appearances do not denote the presence of a network of filaments, but 
are the optical effect of septa separating the muscle-columns, which septa, at the 
level of the apparent dots, are thickened by the accumulation of a larger amount of 
sarcoplasm. 

In muBciilar fibres which have been treated first with acid and afterwards with chloride of 
gold, and which have been placed in formic acid for twenty-four honrs, or until the gold has 
become reduced in the tissue, the sarcoplasm becomes stained of a dark violet colour, while all 
the rest of the muscular substance remains unstained. The reticular appearances are thereby 
rendered very distinct, and they have led tnany histologists to believe that the muscle- 
flubstanoe consists of a contractile reticulum composed of longitudinal filaments and transverse 
networks, and enclosing in its meshes a non-contractile fluid substance {enchylema, Carnoy), 
which ia continuous in every direction in the fibre. But it can be proved, as will be 
seen immediately when the structure of the wmg-muscles of insects is considered, that 
the inter-reticular substance (/./?., the substance fon^uig the muscle-columns) \s undoubtedly 
the contractile part of the muscle, and that the appar^t reticulum or sarcoplasm is not con- 
tractile. Moreover, careful observation with th(6 highest powers distinctly shows that the 
filaments of the reticulum are actually sep^iTwhich subdivide the fibre into longitudinal 
elements. 



Structure of the wiug-mt^oles of inaacta. — The wing-muscles of insects 
may be looked upon as funmhing the key to the proper understandiug of the 

Fig. 838. — Saroosttles of the wino-musclbs 

OF ▲ WASP. HlOHLT MAOM IFISD. (E. A. S. ) A 

A, A', sarcostylcs showing degrees of retrac- 
tion (? contraction). 

B, a sarcostyle extended, with the sarcoas 
elements separated into two parts. 

C, three sarcostyles moderately extended. 
The stnicture of the sarcous elements is shown 
semidiagrammatically in these. 

Structure of muscle. Although often 
regarded as a contractile tissue sui 
generis they in fact agree in all essen- 
tial particulars of structure with the 
ordinary muscles. Moreover, in some 
insects they are replaced by muscles of 
the ordinary type, and in others mus- 
cular fibres occur which may be regarded as transitional 
forms between the wing-fibres and ordinary fibres. The 
wing-fibres are large bundles of muscle-columns or sarco- 
styles (often spoken of as " wing-fibrils ") which are 
imbedded in a considerable amount of sarcoplasm con- 
taining peculiar granules, the whole being usually enclosed within a sarcolemma 
(figs. 383, 834). The nuclei of the fibre are scattered here and there in the 
sarcoplasm, and this has all the appearance and many of the chemical characters 
of cell-protoplasm. Amongst these characters is that of staining darkly with 
chloride of gold, in which respect the sarcoplasm of the wing-muscles exactly 
resembles the apparent reticulum of ordinary muscles. The main difference is one 
of amount, the quantity of sai'coplasra in the wing-muscles being relatively far 
greater (fig. 834) than in the ordinary muscles. 
• When a living wing-fibre is broken up with needles in a small drop of white of 

^gg, the sarcostyles become easily separated from the sarcoplasm which surrounds 
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them, and they can then be studied independently of that snbstance. And in the 
first place it may be mentioned that they can, nnder these circumstances, be seen 
to contract, whereas the sarooplasm gives no sign of contractility : they therefore 

Fig. 334. — ^Transverse sbotion of part op a wino-fibre of ax 

INSECT SHOWINO THE SAROOSTTLES SURROUNDED BT SAROOPLASM. 

(E. A. S.) *V» 

The muscle was treated with chloride of gold and acid, so that 
the sarcoplasm has become stained, the sarcostyles being left 
colourless. 

form the active portion of the fibre. The intimate 
structure of the sarcostyles can be advantageously 
investigated in such isolated elements, and this both 
in the living condition and under the influence of re- 
agents. In the living condition they show, as in the 
ordinary muscles, alternations of bright and dim striae. 
Each bright stria is bisected by a line which is the optical section of a transverse 
membrane (membrane of Krause). These membranes thus divide the fibre into a 
series of segments, which may be termed sarcomeres. In alcohol-l^ardened muscle each 
sarcomere can be seen to contain (1) in the middle a strongly refracting disk-like 
sarcous element ; (2) at either end (next the membriane of 'Krause) a clear interval 
occupied by hyaline substance. With high powers the sarcous element may be 
made out to be composed of a sarcous substance, which stains with haematoxylin, 
and is pierced by short tubular canals which extend from the clear interval as far as 
the middle of the disk ; these canals give it a longitudinally striated appearance. 
Fine longitudinal strias which appear to be due to delicate extensions of the sarcous 

Fig. 835. — Disk-like sarcous element op wino-muscle showing its tubolab 

STRUCTURE. HlQHLY MAGNIFIED. (E. A. S.) FroIQ a photogmph. ""• 

A, Profile riew. B, Viewed in optical transverse section. 

substance (perhaps delicate septa), may also, under favourable 
circumstances be seen traversing the clear intervals. If the 
sarcostyle is extended, the sarcous elements tend to separate into two parts, with 
an interval between them (fig. 838, B) ; this median clear interval corresponds 
with the line of Hensen (p. 288).^ Conversely, if the muscle is retracted (or 
contracted) the sarcous elements tend to encroach on the clear intervals and 
approach the membranes of Krause ; and at the same time they become swollen^ 
so that the sarcomeres are bulged out at their middle and conti*acted at their 
ends. The sarcostyles thus become moniliform, and in fresh and unstained fibres 
the eiiect of this form upon the light transmitted through the muscle is such that 
the swollen part looks comparatively clear, while the constricted part has a dark 
appearance ; and since this constricted part corresponds with the bright stria of the 
extended muscle, the striae appear to have become reversed during contraction. In 
a stained fibre, however, it is easy to see that no such reversal takes place in 
contraction (fig. 333, A, A'). 

CoxnpariBon of the structure of muscle with that of amcBboid protoplasm. — If we 
compare the structure of the muscle-columns as shown in the wing-muscles with that of 
amoeboid protoplasm, we find many points of coincidence. Both are composed of two kinds of 
substance, viz., a porous substance or spongioplasm which stains with haematoxylin and similar 
reagents, and a clear matter or hyaloplasm which remains unstained. In both cases the 
process of contraction is accompanied by a flowing of the hyaloplasm into the pores or meshev 

' With still further extension, each sarcons element may separate into foar parts, in which case the 
two parts nearest the traosyerse membrane hare been termed the accessory disks. 
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of the spoDgioplaem ; while on the other hand, when the contraction passes off, the hyaloplasm 
tends to pass out from the pores or meshes of the spongioplasm, and produces in the one case 
extension of the muscle-fibre, in the other the throwing out of pseudopodia. In short the 
porif eroDs substance of the sarcous element corresponds with the spongioplasmic " cecoid " of 
the amoeboid cell, whilst the clear substance which flows in and out of the pores represents 
the hyaloplasmic " zooid " (see p. 178), 

Fig. 836. — Diagram of a sarcomjcre in a moderately 

KXTMNDED GO^TDITION A , ARD IN A CONTRACTED CONDI- 
TIOH B. (B. A. S.) 

K,K, Membranes of Krause ; H, plane of Hensen; 
8.£.y poriferous sarcous element. 

Comparison of the ordinary mnscles 
of insects and vertebrates with the 
wing-mnscles of insects. — The difPerences 

of structure between the ordinary muscles and the muscular fibres which move 
the wings of insects, are of no great importance, being differences of degree 
only. Thus the sarcoplasm is in relatively small amount in the ordinary muscles, 
and generally has the regular enlargements which appear as dots or transverse 
networks according to the point from which they are viewed, these enlarge- 
ments being absent in the wing-fibres ; moreover, the sarcostyles or muscle-columns, 
probably on account of the smaller amount of sarcoplasm, are less easily isolated- 
But, like the sarcostyles of the wing-muscles, they are divided into segments or 
sarcomeres, at regular intervals, corresponding with the middle of the bright striae, 
by transverse membranes (membranes of Krause), which can be brought distinctly 

Fig. 337. — Part of a muscular fibrx ok an insect riXKi> with 

ALCOHOL AND AFTERWARDS STAINED. (&. A. S.) 

The rows of sarcous elements which form the dark stripes are 
stained (S.E.) ; the sarcoplasm has the usual appearance of longi- 
tudinal lines and dots. The lines produced by the juxtaposed 
membranes of Krause are just visible (K.). 




into view on the addition of dilute acid to the fresh or 
alcohol-fixed muscle (fig. 332, K). Each sarcomere con- 
tains a sarcous element, with hyaline substance between 
the sarcous element and the membrane of Krause at 
either end of the segment : the middle of the sarcous 
element when the muscular fibre is extended shows a 
line, as in the wing-element, — the band of Hensen. 

As in the wing-sarcostyles, the proportionate amounts of the sarcomere occupied 
respectively by the sarcous element and the clear intervals vary greatly, especially 
according to the condition of extension or retraction of the muscle. In 
retracted or contracted fibres the sarcous elements bulge out and approach the 
transverse membranes, and the clear intervals diminish proportionately, their fluid 
being imbibed by the sarcous element, while in extended fibres the sarcous elements 
become removed from the transverse membranes and narrowed, and the clear 
intervals become pari passu longer. 

It is said that the ends of the sarcous element may in extended fibres become 
detached and form accessory disks lying in the clear interval. It is certain, how- 
ever, that the structures which have often been described as accessory disks in these 
muscles are merely the sarcoplajtmic enlargements which appear as dotted lines. 

Effect of the sarcoplaataiic accnniTilations upon the cross-Btriation of 
the ordinary mnscles. — An important influence upon the optical appearances of 
the ordinary muscular fibre|f is exerted by the sarcoplasmic accumulations (transverse 
networks). These lie, as /we have seen, in the region of the bright stripe (clear 
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interval of the sarcomere), and have in optical section the appearance of rows of 
dark-looking dots. When these dots are carefully regarded they seem each to be 
surrounded by a bright halo (figs. 331, 339, R), which is apparently due to the manner 
in which they reflect the light which is transmitted through the muscle, much in the 
same way as an oil-globule or an albuminous granule, when viewed in water under a 

Fig. 338. — Part of ▲ ookt&actbd fibrs of inssct xuscli (lm) 

TRBATKD WITH YVKWiJLR, (E. A. S.) 

The moniliform appearance of the sarcoetyles and the aocumu- 
lationa of the sarcoplaam opposite their constrictions are well 
seen. The ordinary cross-stri&tion is not visible. 

high power of the microscope, appears when it is 
exactly focussed, to be surrounded by a bright area.' 
Since each dot is encircled by a bright halo, and the 
dots are arranged in regular rows, the haloes become 
blended into a stripe, which is much brighter than the rest of the muscle-substance. 
This is in fact the chief cause of the very bright appearance of the clear bands 
of the fresh muscle. These clear bands, however, about correspond in level with 
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Fig. 339. — Ways of oontractioh passing ovsr a 

MUSCULAR FIBRE OF DTTISCUS. VkRT HIOHLT 
MAGNIFIED. (E. A. S.) 

R, r, portions of the fibre at rest ; c, contracted 
part : i, i, intermediate condition. 



the hyaline substance of the sarcomeres as seen 
in stained alcohol-preparations, so that their 
relatively bright appearance in the fresh 
muscle, as compared with the dim band or 
row of sarcous elements, is not entirely pro- 
duced by the light-effect above mentioned, 
although it is greatly enhanced thereby. 

Changes in oontraetion. — ^When these 
muscles contract the sarcous elements, as in 
the wing-muscles, become bulged out and 
shortened, while the fluid of the clear inter- 
vals becomes relatively diminished in amount. 
The ends of the sarcomeres are thereby con- 
tracted opposite the membranes of Erause, and 
the sarcostyles become moniUform (fig. 338). 
This alteration in shape of the sarcostyles 
necessarily affects the sarcoplasm which lies in 
their interstices, which must become squeezed 
out of the parts which are opposite the 
bulgings of the sarcostyles and into the parts 
which are opposite their constrictions. In 
other words, the sarcoplasm must accumulate 
in greater quantity opposite the clear bands 
and the membranes of Krause, and must 
diminish in amount opposite the sarcous elements. This is, in fact, what can be seen 
to take place. In fig, 338 a contracted portion of muscle in which the sarcoplasm 
has been rendered evident by acid is represented, ani it is seen that the sarcoplasm 

' It is in fact this action of the dots upon the light which tend.>^ to obscure the continuity of the 
longitudinal lines of the sarcoplasm in the fresh condition, so that in th^s condition it may be difficult or 
impossible to make out that continuity (see fig. 331). 
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18 accumulated opposite the traDBverse membranes where the sarcostyles are relatively 
contracted. 

In the living muscle also this change in the position of the sarcoplasm during 
contraction can, with care, be observed to take place (fig. 339). In this case, also, 
as in the wing-sarcostyles, the moniliform shape of the muscleKX)lumns tends to 
cause the constricted parts to appear dark, the bulged parts light in comparison, so 
that the effect of revei-sal of the strieB is obtained. But in the ordinary muscles 
this effect is materially increased, and the contrast between the dark and light 
strisB of the contracted muscle is greatly enhanced by the effect of the sarcoplasmic 
accumulations opposite the constrictions. For in the first place these themselves 
tend to produce the appearance of dark lines or planes passing across the fibre, and, 
besides this, the light-reflexions from their surfaces cause the muscular substance 
between these planes to appear much brighter than would otherwise be the case. 

In alcohol-preparations (both of the wing-muscles and of the ordinary muscles) 
in which the sarcous elements have been subsequently stained, there is no appear- 
ance of reversal of striation ; the darkly coloured sarcous element always occupies 
the central or bulged part of the sarcomere, and the unstained substance of the clear 
intervals the constricted parts of the sarcostyles. 

Appearances of xnusole under polarised llffht. — It was noticed by Boeck that, like some 
of the other tissues, muscle is doubly refracting (anisotropous). Briloke however was the first 
to point out that the fibre is not composed entirely of anisotropous isubstance, but that there is 
in addition a certain amount of singly refracting or isotropous materiaL Since the important 
researches of the last-named author form the basis of our knowledge of this subject, a short 
account will be given of them here. 

In the first place Briicke distinguishes between the appearances presented by living muscle 
examined in its own plasma and those of dead and hardened muscle examined in glycerine or 
(^inada balsam. Under the latter conditions, although a considerable variation is noticeable in 
the relative amount of anisotropous substance, nevertheless the 
two substances invariably take the form of alternating bands, 
dark and light, crossing the fibre and apparently corresponding 
in position with the light and dark stripes of the fibre as seen 
under ordinary light. 

It is quite otherwise with living muscle. In this almost the 
whole of the fibre may look doubly refractile, the isotropous 
substance occurring only as fine transverse lines, or as rows of 
rhomboidal dots which are united to one another across the aniso- 
tropous substance by fine longitudinal lines. This account is 
illustrated by fig. 340, which is copied from Briicke. If this 
figure be compared with fig. 331, or with the parts marked I Fig- 840.— Liviho musols of a 
of fig. 339, which represent the living muscle of a water-beetle watkr-bietlb examined ih 
mider ordinary light, it is obvious that the rhomboid points and polarized light iioth 
longitudinal lines of the one correspond to the sarcoplasmic (BrU^^ ) ^^^^"^ * prmms. 
lines and transverse networks of the other. The sarcoplasm there- ^ 
fore is singly refracting, whereas the substance of the muscle- 
columns or sarcostyles is, in great part at least, doubly refracting. Brackets account of the 
appearance of living muscle under polarised light seems to have been chiefly founded upon 
fibres which are not extended, and in which therefore the sarcous elements occupy by far the 
larger part of the sarcomere. In extended fibres or parts of fibres, especially those which have 
been fixed by alcohol and mounted in Canada balsam, the fibre appears when examined between 
crossed NichoFs prisms to be marked by alternating broad bars of light (anisotropous) and dark 
(isotropous) substance, the former corresponding in position to the sarcous elements, the latter 
to the clear intervals of the sarcostyles. In the wing-muscles also the sarcous elements appear 
bright and the clear intervals, including Krause's membrane, are dark with crossed Nichols. In less 
extended parts of the fibre, the dark or isotropous bands become relatively narrower until in the 
contracted parts they are reduced to comparatively narrow bands, with relatively broad bright 
(anisotropous) intervals (fig. 341). There is however no reversal of the bands, a fact of some 
significance as indicating that the reversal which appears to occur when the fibre is examined 
by ordinary light is really, as has been already explained, merely an optical e£Fect, and is not 
caused by any actual change in the relative position within the sarcomere of the substance of 
the sarcous elements and the clear intervals (see below, Theory of Merkel). The result there- 
fore of the examination of muscle under polarised light is confirmatory of the deductions 
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which may be drawn regarding its stnictare and the changes which oocor in contraction, from 
the appeai-ance of stained preparations, and tends to show that the chromatic substance of the 
sarcostjies — ^the substance which forms the saroous elements — is anisotropous, while the sub- 
stance or fluid of the clear intervals as well as the sarooplasm is isotropous. In muscles which 
have been treated with acid and in which the sarcous elements are destroyed all appearance 
of double refraction is found to have disappeared. 

It has been shown by Ranvier that the appearance of a tissue under polarised light 
affords, when taken by itself, no guide to its structure. For the same tissue or part of a 
tissue may appear either light or dark between crossed Nichols, according to the direction 
and character of the " stress " to which it may have been exposed, in the same way that a 
film of indiarubber, which is normally isotropous, becomes anisotropous when stretched. 
Looked at however in conjunction with other facts, and especially with the results of methods 
of staining, the appearance under polarised light may afford important confirmation, or the 
reverse, of the deductions which may be drawn regarding structure by the employment 
of these methods : this is exhibited hy the observationB upon muscle whidi have been above 
detailed. 

Briicke has applied the theoiy of Bartholin (invented to explain the phenomena of double 
refraction in crystals of Iceland spar, and which supposes that those crystals are compounded 

Fig. 341. — MUSOULIR PIBRB op an INSBOT, EXHrBITIKO PART OF A 

SO-CALLED "nxBD WAVE OF ooHTKAOTioN.'* ( Bngelnuuin. ) 

The right half of the figure shows the effect produced by the 
same fibre when ejuimined under polarised light, the rows of sarcous 
elements then appearing light on the dark field caused by the crossed 
Nichols' prisms. 

B, part at rest and extended ; H, part passing into contraction ; 
C, contracted part, a, intermediate disk ; 6, accessory disk ; e, prin- 
cipal disk. 

of minute doubly refracting particles (disdiaclasts)), to the 
doubly refracting substance of muscle, and has applied the 
same name [dittdiaehutM) to the particles of which he supposes 
that substance to be composed, and which would appear to act 
upon the light Uke positive, uniaxial, doubly refracting crystal?. 
Under certain circumstances, as after the action of water or 
salt solution, the muscular substance is apt to break down into 
a cloud of fine doubly refracting particles which are either 
themselves the disdiaclasts or represent groups of them. 

Historical. — Until Bowman published, in the Philosophical 
Transactions for 1840, his important work on the structure of 
muscle, the whole subject was exceedingly obscure. The view 
which Bowman took of the constitution of muscular substance, 
namely, that it is composed of a series of particles joined 
together closely side by side into disks, and less intimately united 
end to end into *' fibrils,^' long occupied a dominant position 
in this branch of histology. Kolliker however (1851), laying 
stress upon the fact that the muscular substance is much more 
apt to break up into. " fibrils " than into disks, looked upon the 
appearance of the latter as altogether secondary, and regarded 
the " fibrils " as the actual elements of the muscle, the alternate 
dark and light portions in the course of each fibril being of 
essentially the same nature, although differing somewhat in 
their optical properties. Afterwards (1867), recognising that 
the so-called fibrils might be composed of finer elements, or 
ultimate fibrils, Kolliker was led to term the structures formerly 
known as fibrils '* muscle-columns," the areas of Gohnheim repre- 
senting the transverse sections of those columns. The fibrillar con- 
stitution of muscle has also been consistently urged by G. Wagoner. 
W. Erause (1868) introduced an entirely new idea into the conception of the subject, by 
looking upon the intermediate line in the light stripe as a continuous disk or membrane, 
united laterally to the sarcolemma, and thus dividing the whole fibre into a series of flat com- 
partments, these being again subdivided longitudinally by partitions (seen on transverse section 
as the clear lines bounding Cohnheim's areas), so that little cases {MuxJwl'kajttchrtCj are thus 
formed (fig. 342, A). Each such case contains, according to Krause, a portion of the dark disk 
(muscle-prism) in its middle part, and portions of the light disks (fluid) at either end, and 
Slrause supposed that in contraction this fluid changes its situation, becoming shifted to the 
periphery of the dark substance, and that in this way the muscle is diminished in length, and 
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proportionately increased- in breadth (Bg, 842, B). Subeeqnently, however, reco^rnising' the 
existence of longitndinal elements within the mascle-prism, Krause described the fluid as 
passing" between these and separating them more from one another during contraction (C). 
About the same time (1868), Hensen described the stripe which bears his name. 



Fig. 842. DlAORAMMATIO BEPRESBNTATION Of 

A XUSCLE'GASB UHDBR A TERT HIOH MAO- 

HirTiHG POWER. (W. Krause.) 

A, at rest ; B, condition in contraction, 
former Tiew; C, condition in contraction, pre- 
sent view. aii,'mu8cle-pri8m, consisting of a 
bundle of muscle-rods ; is, fluid isotropous 
subetance. 
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The next prominent writer upon the subject was Merkel (1872), who described the trans- 
Terse membranes of Krause as being double, and who corroborated Hensen*s description of 
the existence of a thin line or disk in the middle of the dark stria. But the most important 
difFerenoe in Herkel's account occurs in his description of the process of contraction. Accord- 
ing to Merkel, the anisotropous substance of the dark stria first of all becomes diffused over 
the whole muscle compartment, so that the fibre acquires a homogeneous appearance, and 
then at a later stage becomes accumulated against the transverse membranes, while the 
iBotropous substance on the other hand is accumulated on either side of Hensen's disk, so 
that the position of the two substances is thus reversed. In a subsequent communication (1881) 
a somewhat modified view of the changes in contraction was taken by MerkeL 

Merkel was followed by Engelmann (1873), according to whose description, a muscular 
fibre consists of a succession of superimposed parts or compartments, which are partitioned off 
from one another by thin disks or membranes — ^Kranse's membranes or interme^te disks (fig. 
341, a, a). Within each compartment thus marked off is a series of disks, vaiying in their 
refractive power and in their action upon polarised light, as follows : — Next to an inter- 
mediate disk comes a layer of isotropous dear substance, within which may be distin- 
guished a thin disk of dark substance (6), having in ordinary muscles the appearance of a 
line of dots, the accessory disk (granule-layer of Flogel) ; then comes a broad disk of 
anisotropous substance (principal disk, <f)f occupying the greater portion of the muscle- 
compartment, and sometimes bisected by a narrow pale band, which lies exactly in the middle of 
the compartment, and is distinguished as the middle disk or disk of Hensen (not seen in the 
figure). Beyond the broad anisotropous disk come in inverse succession isotropous substance 
Mrith accessory disk, and intermediate disk, and so on in the next compartment. 

When contraction is about to supervene in any part of a muscular fibre, the changes, 
which according to Engelmann may be observed, are the following : — While the intermediate 
disks approach one another, the successive disks within each muscle-compartment become less 
distinct, and the fibre loses in great measure at the part in question (that namely in whioh 
the contraction is beginning), its striated appearance. The stage in question was accordingly 
termed by Engelmann the homogeneous stage (fig. 341, H.). As the contraction progresees, 
transverse strias again make their appearance, in consequence of the gradual darkening of 
the accessory disks and concomitant clearing up of the principal disk, so that now each inter- 
mediate disk with its juxtaposed accessory disk forms a distinct dark isotropous band, these 
alternating with the narrowed and noyr bright-looking principal disks of anisotropous sub- 
stance (fig. 841 , c.) The reversal of the strisa in contracting muscle is ascribed by Engelmann 
to changes in ref rangibility in the several substances which compose the disks of the muscle* 
compartment aocompanied by an increase in the volume of the principal disk at the eypenwa 
of the isotropous substance. 

Both Merkel and Englemann attach considerable importance to the occurrence of the 
intermediate stage, in which the striso become indistinct ; but it is probable that the homo- 
geneous appearance of that part of the fibre which is passing into or out of full contraction 
is due to a shifting of the longitudinal elements of the muscle, owing to their being unequally 
pulled upon by the more completely contracted part. A similar mechanical shifting of the 
muscle-columns, accompanied by disappearance of distinct transverse striation, is often produced 
in teasing the tissue. Moreover the so-called homogeneous stage is often not observed in con- 
tracting muscle. It must therefore be regarded as an adventitious appearance. 

Heitzmann (in 1873) seems to have been the first to notice the reticuilar appearances of muscle 
which had been treated with gold and acid, but these appearances were first fully described 
by G. Eetzius in 1881, who showed that the dots or enlargements upon the longitudinal lines 
of the muscular substance are actually only the optical sections of the fibres of transverse 
networks, which Retzius regarded with great probability, as extending from and continuous 
with the protoplasm surrounding the nuclei of the muscle fibre. 

Gamoy*s theoiy of the constitution of cell protoplasm of a contractile reticulum and endhy- 
lema, which was about this time beginning to rise into importance, had a marked influence 
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upon the following Beries of reeearolieB into the stractoie of xnnscle. Varioas obserrers 
(Melland, O. F. Marahall, van Gehuohten and Ram6n j Cajal), who dnring the next five or 
six years investigated the stractare of muscle, mainly with the aid of acid and gold prepara- 
tions, have regarded the appearances of these preparations as proving the existence of a similar 
reticulum in mnscley and have concluded that the material in the meshes of the supposed 
reticulum, that is to say the whole of the muscle-columns, must represent the enchylema of 
protoplasm. The breaking up of the so-called ihter-reticular substance into muscle-oolnmzLS 
is regarded as purely artificial. 

Although t^e above view of muscle-structure obtained for a short time some adherence 
amongst histologists, and has not even at the present time been given up by all its original 
supporters^ it must certainly be relinquished as being inconsistent with the known facta of 
muscle-structure. The researches of Rollett, which were published in 1885 and 1886, showed 
any such view to be untenable, and brought the matter back to the former standpoint. The 
results of these researches tended to demonstrate that the filaments of the so-<»lled " reti- 
culum " of the above-mentioned authors are neither more nor less than the septa of sarcoplaam 
which intervenes between columns of the muscle-substance : that these columns pre-exist in 
muscle, and axe the actual contractile elements of the muscle ; and that the sarcoplaam between 
them is a passive material, and may represent the undifferentiated remains of the protoplasm 
of the original cell from which fhe muscular fibre has been developed. 

The account in the text is derived from a re-inveetigation of the structure of muscle, 
and especially of the muscles of insects, prei>ared by various methods and photographed witii 
the aid of Zeiss* 2 mm. homogeneous apochromatic objective. It differs materially from that 
in the last edition of this work, which was based mainly upon investigation of living muscular 
tiBsue only. The description of the actual appearances of living muscle still however standa 
good, and has been retained in this edition. 

Xusola-nnolei (musola-corpiuicles). — In oonnection with the crosB-striated 
substanoe a nnmber of clear oval nuclei are found in the fibres. In mammalian 
muscles they lie mostly upon the inner surface of the sarcolemma (figs. 826, 330, A), 
but in frogs they are distributed through the substance of the fibre, and in many 
insects they form a longitudinal series situated in the middle of the fibre. Ajsso- 
ciated with and surrounding them there is sometimes, but not always, a certain 
amount of granular protoplasm. In the unaltered c(mdition the nuclei are not 
easily seen, but they are made conspicuous by the addition of acid. They may 
contain a network of chromoplasm, in which one or two nucleoli are generally visible, 
but frequently the chromatin of the nucleus is in the form of a spiral filament. 

Vaxiatioiui of gtmotn rs in different miuiolee, correlated with differences 
of function. — ^In the rabbit, as especially pointed out by Banvier and Erause, 
certain of the voluntary muscles present differences in appearance and mode 
of action from the rest. Thus while most gf the voluntary muscles have a 
pale aspect and contract energetically when stimulated, some such as the semi- 
tendinosus and the soleus in the lower limb, are at once distinguished by their 
deeper colour as well as by their slow and prolonged contraction when stimulated. 
When subjected to microscopical examination it is found that in the red muscle the 
fibres are more distinctly striated longitudinally and the transverse striae are much 
more irregular than usual. The muscular fibres are generally finer (thinner) than 
those of the ordinary muscles, and appear to have a larger amount of sarcoplasm. 
The nuclei are more numerous and are not confined to the inner surface of 
the sarcolemma, but occur scattered in the thickness of the fibre as well. There 
is also a difference in the blood-supply of the two kinds of muscle, to be afterwards 
alluded to. 

A similar difference between red and pale muscles may be also seen in the rays 
amongst fishes. In other animals the distinction is not found as regards whole 
muscles although it may affect individual fibres of a muscle. This is the case, 
according to Klein, in the diaphragm, in which in many of the fibres there are 
numerous nuclei, and these are embedded in protoplasm, which forms an almost 
continuous layer underneath the sarcolemma. The distribution of the two kinds of 
fibres in different muscles has been recently more especially investigated by Gnitzner 
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and others working under his direction, and for the details of these investigations 
the reader is referred to the papers on this subject which are quoted in the 
Bibliography at the end of this chapter. 

Mode of attaohment of miuioiilat fibres : ending of mnscle in tendon. 
— When a muscle ends in a tendon it is found that the muscular fibres either run in 
the same direction as the tendon-bundles or join with the tendon at an acute angle. 
In the former case the tendon becomes subdivided, either gradually or suddenly, 
into as many small bundles as there are fibres in the end of the muscle, and it often 
seems at first sight as if the tendon-fibres were directly continued into the muscular 
substance. In reality, however, the fibres of each tendon-bundle end abruptly on 
reaching the rounded or obliquely truncated extremity of a muscular fibre (fig. 343), 

Fig. 343. — Termination or a muscular fibre in tendon. 
(Ranvier.) 

m, sarcolemma ; s, tbe same membrane passing oTer the end of 
the fibre ; p, extremity of muscular substance, e, retracted from 
the lower end of the sarcolemma-tnbe ; t, tendon-bundle passing 
to be fixed to the sarcolemnia. 

and are so intimately united to the prolongation of 
sarcolemma which covers the extremity, as to render 
the separation between the two difficult if not impos- 
sible (Ranvier). The muscular substance, on the 
other hand, may readily be caused to retract from the 
sarcolemma at this point. The areolar tissue which 
lies between the tendon-bundles, passes between the 
ends of the muscular fibres and is gradually lost in 
the interstitial connective tissue of the muscle. 

When the direction of the muscular fibres is oblique 
to that of the tendon, the connection takes place in a 
similar way to that above described, but the small 
tendon-bundles are given off laterally along the course 
of the tendon, which ^n these cases is generally pro- 
longed into or over the muscle. 

When the muscular fibres divide, each branch of 
the fibre is described as being directly continuous 
with a tendon-bundle, or connective tissue bundle, 

without the intervention of sarcolemma, but it is not improbable that renewed 
careful investigation might, in this case also, disclose the existence of a thin 
prolongation of sarcolemma over the divisions. 

Blood-vessels. — The blood-vessels of the muscular tissue are very abundant, so 
that, when they are successfully filled with coloured injection, the fleshy part of the 
muscle contrasts strongly with its tendons. The arteries, accompanied by their 
associate veins, enter the muscle at various points, and divide into branches : these 
pass along the fasciculi, crossing over them, and dividing more and more as they get 
between the finer divisions of the muscle ; at length, penetrating the smallest 
fasciculi, they end in capillary vessels, which run between the fibres. The vessels 
are supported in their progress by the sub-divisions of the sheath of the muscle, to 
which also they supply capillaries. The capillaries destined for the proper tissue of 
the muscle are extremely small ; they form among the fibres a fine net-work, with 
narrow oblong meshes (fig. 344), which are stretched out in the direction of the 
fibres ; in other words, they consist of longitudinal and transverse vessels, the former 
running parallel with the muscular fibres, and lying in the angular intervals between 
them,— the latter, which are much shorter, crossing between the longitudinal ones, 
and passing over or under the intervening fibres. 
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In the deeper ooloored mnsciilar fibres of those animals which, like the rabbit, poeBess 
two kinds of volnntary mnsoles, the transverse loops of the capillary network are dilated far 
beyond the size of the ordinary capillaries. 

The nnmber of capillaries in a given space of a mnscle, 
or their degree of closeness is partly regtdated by the size 
of the fibres ; and accordingly in the muscles of different 
animals it is found that, when the fibres are small, the vessels 
are numerous and form a close network, and vice versa : in 
other words, the smaller the fibres, the greater is the quantity 
of blood supplied to the same bulk of muscle. In conformity 
with this, we see that in birds and mammalia, in which 
the process of nutrition is active, and where the rapid 
change requires a copious supply of material, the muscular 
fibres are smaller and the vessels more numerous than 
in cold-blooded animals, in which the opposite conditions 
prevail. 

Lymphatics. — So far as is known there are no 
lymphatic vessels in the voluntary muscles, although 
there is an abundant supply in their connective tissue 
sheaths and tendons, and the lymphatic vessels here 
would seem, as pointed out by Ludwig and Schweigger- 
Seidel, to serve the purpose of collecting and convey- 
ing away the lymph from the muscular substance. 

Verres. — The nerves of a voluntary muscle are 
of considerable size. Their branches mss between 
the fasciculi, and repeatedly unite with each other 
in form of a plexus, which is for the most part con- 
fined to a small pan; of the length of the muscle, or 
muscular division in which it lies. From one or 
more of such primary plexuses, nervous twigs proceed, 
and form finer plexuses composed of slender bundles, 
each containing not more than two or three dark-bordered nerve-fibres, whence 
single fibres pass off between the muscular fibres and divide into branches which are 
finally distributed to the tissue. The mode of final distribution will be described 
with the general anatomy of the nerves. 




Fig. 344. — Capillary vessels 

or MUSOLR, MODKRATKLT MAO- 

HiriBD. (E. A. S.) 



DXVSIiOPMXlfT OF VOIiUlfTARY MUBOXTULR TI88T7X. 

Most of the voluntary muscles of the body are developed from a series of portions 
of mesoblast which are early set aside for this purpose in the embryo and are termed 
the muscle-plates (see Embryology, p. 159). When the muscular fibres are about to 
be formed the cells become elongated, and their nuclei multiplied so that each cell is 
converted into a long multi-nucleated protoplasmic fibre. At first the substance of 
the fibre is not striated but is merely granular in appearance, but presently it 
becomes longitudinally striated along one side (fig. 345, a), and about the same time 
a delicate membrane, the sarcolemma, may be discovered bounding the fibre. The 
longitudinal striation, which is the first indication of the proper muscular substance, 
extends along the whole length of the fibre, but at first as just intimated affects only 
a small part of its breadth, the rest being formed by a highly glycogenic protoplasm 
containing the nuclei. In due time, however, this conversion into the proper 
muscular substance, further shown by the appearance of cross striae (fig. 345, b 
and c), extends round the greater part of the circumference of the fibre, and finally 
gradually involves ite whole thickness, except along the axis, which for some time 
remains occupied by the nuclei embedded in undifferentiated protoplasm. Eventually, 
however, the nuclei take up their permanent position. 

Schwann considered each fibre to be formed by the linear coalescence of several 
cells ; but the researches of Kolliker, Wilson Fox, and others, tend to establish the 
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view, originally promnlgated by Remak, that the fibres are produced as above 
described by the elongation of single cells, with differentiation of their contents and 
moltiplication of their nuclei. 

Growth. — The muscular fibres, after haying acquired their characteristic form 
and structure, continue to increase in size till the time of birth, and thenceforward 
up to adult age. In a full-grown foetus most of them measure twice, and some of 

Fig. 345. — Dbyelopino xusculab fibrbs. Hiohlt magnified. 

A, elongated cell with two nuclei and a striation beginning 
down one side of the cell (from foetal sheep, Wilson Pox). 

B, from foetus of 2 months ; p, granular protoplasm ; 
j7» glycogenous substance ; n, nucleus ; s, commencing saroo- 
lemma, with striated muscular substance developing imme- 
diately beneath it. 

0, from foetus of 3 months, displayed so as to show the 
contractile substance collected at one side of the fibre, and 
partially enclosing the unaltered substance of the fibre, g; 
fy fibrils. B and C from Ranvier. 

them three or four times their size at the middle of 
fcetal life ; and in the adult they are about five 
times as large as at birth. This increase in bulk 
of the individnal fibres would, in a measure, account 
for the enlargement of the entire muscles. 

It is uncertain how far there may be a multi- 
plication or new formation of muscular fibres 
during the growth of a muscle ; but it is probable 
that during growth at least, if not in adult life, 
a new formation of fibres within the muscles 
does occur. The new fibres appear to be in 
part formed by the longitudinal splitting of 
the existing fibres, a process which was described 
by Weifismann, and which seems to be of very 
general occurrence at a certain period of growth. 
The splitting is preceded by the multiplication of 
the muficle-nuclei, which form a longitudinal series 
in the part which is about to become separated. 

The bundle of fine muscular fibres is found to be enclosed within a thick connective 
tissue sheath formed of several layers, continuous with the layers of Henle's sheath of 
the nerve-fibre, and since these layers are more developed at the point of entrance of 
the nerve into the bundle than elsewhere, the whole structure has a spindle-shape, 
and on this account has received the name of muscle-spindle (Kiihne). The fibres 
of the muscle-spindle appear gradually to enlarge and eventually to form a bundle 
of ordinary muscle-fibres. The nerve and nerve-ending must, of course, participate 
in the cleavage, since each fibre is ultimately found to be furnished with a nerve- 
ending. But another important mode of n6w formation is by the transformation 
of cells (sarcoplasts) which lie between the muscle fibres, and which are presumably 
undifferentiated cells derived from the original muscle-plate. These cells enlarge 
ftud become elongated, and striated muscular substance becomes formed within them 
usually at one side, and often forming oval masses, which as they grow become longer 
and more spindle-shaped, the middle part being bulged out and the ends tapering off 
to fine terminations. At this stage of development the name of muscle-spindle has 
also been applied to these fibres. The middle bulged part receives a nerve fibre, which 
is provided with a terminal ramification, as with other muscular fibres, and a multi- 
plication of nuclei, and formation of sarcolemma having already taken place, the 
development of the fibre may now be looked upon as completed. Such fibres in 
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various stages of development have been described in muscles at all stages of growth, 
and also in the adult condition, so that it has been conjectured that new muscular 
fibres may be formed in this way even after the development of the muscle is com- 
pleted. Nothing is known of the manner in which absorption of pre-existing fibre» 
is effected to make room for the newly-formed fibres ; if, indeed, such change occurff 
at all. 

Aooording to Mayer, many of the structureB which have been described, under the name 
sarcoplasts and muscle-spindles, as fibres in coarse of development, are in reality fibres under* 
going degeneration. Kerschner, on the other hand, from 'their relatively large nerve supplyf 
believes the muscle-spindles to be sensory end-organs. 

Regeneration. — It was formerly thought that after removal by the knife or by 
disease striated muscular tissue is not regenerated^ but that any breach of continuity 
which may occur in a muscle is filled up by a growth of connective tissue. It would 
appear, however, that the breach is, after a certain lapse of time, bridged across by 
muscular substance, but how the new muscular tissue is formed is not fully undersUxxL 
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This is made up of cells, named contractile fibre-cells^ which were first dis- 
tinguished as the true elements of the tissue by Kolliker. The cells may form 

fibrous bundles, and strata, 
or may be less regularly 
airanged, and the tissue occurs 
either almost pure or mixed 
with other tissues in varying 
proportion. The cells are of an 
elongated fusiform shape (figs* 
346 and 847), usually pointed 
at the ends. They are genenJly 
prismatic in transverse section, 
but are sometimes more flat- 
tened. The cells vary greatly 
in length according to the part 
or organ in which they are 
found. Some occur which are 
cleft or forked at one or both 
Fig. 346. — ^Muscular vijirb-obu^s vrom ends. Their substance is finely 
^;^'.JI« ™-,? w.„-L!^" ""'■'' vacuolated and exhibits also a 
(& A. S.) f&iut longitudmal nbrillation« 

A, a complete cell, showing the nucleus It is doubly refracting. Each 

with intranuclear network, and the longitu- cell has a nucleus (a, a), rarely 

Sp^t^i:~n t ^^^"^ ^"^ r"" '^f ""!' ''^t^ ^ "^r^ 

B, a oeU broken in the process of isola- elongated and either OVal Of 
tion ; the delicate enTeloping membrane rod-shaped. Towards each end 

f^^^t^c^tf'^J'^.utBll.i^ta'S:^ Of *e nncleus the substance of 
ing by Mr. B. Bozall). the Cell usually contains a few 

distinct granules arranged in 
linear series. 

The nucleus shows the usual 
structure, having an intranu- 
clear network (fig. 346, a). 
The involuntary fibre-cells pos- 
sess an exceedingly delicate homogeneous sheath (fig. 846, b), and hke the sarcolemma 
Df voluntary muscular fibres, thjjs sheath is apt to be wrinkled when the fibre is 



Fig. 847. — MuaouLAtf fibrb-oblls from 

HUMAN ARTBRIBS, MAONIFIBD 350 DIA- 

MBTBR8. ( Kolliker. ) 

a, a, nucleus ; &, a ceU treated with 
acetic acid. 
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contracted, so that an indistinct appearance of striation may thus be produced. 
The cells are united by a small amount of intercellular cementing substance which 
becomes stained by nitrate of silver. In some parts interceUular spaces may occur, 
bridged across as in epithelia by fine denticulations of the cells. 

They are generally collected into larger and smaller fasciculi, which in many 
cases cross one another and interlace. The fasciculi are attached at their ends by 
connective tissue to th^ membranous and firmer parts where they occur. In some 
cases the attachment o^ the plain muscular cells takes place by means of elastic 
fibres which bifurcate a^ the end of the muscular cell. The two branches extend 
along either side of this and are firmly attached to it. In other cases again, accord- 
ing to Watney, the attachment may take place through the medium of connective 
tissue corpuscles, the branches of which embrace the muscular cell in like manner. 

JHstribntion. — The plain muscular tissue is for the most part disposed in the 
coats of the membranous viscera. It is met with in the lower half of the gullet, the 



Rg. 348. MUSCULAB FIBRB-CBLL8 FROM THS UTERUS THEEB WEEKS AFTER DELITERT, 

TRBATBD WITH ACETIC ACID, MAQNIFIED 350 DIAMETERS. (KoUiker.) 

o, nuclei ; 7, fat-granoles. 

stomach, and the whole intestinal canal ; that is, both in the muscular 

coat of the alimentary canal, and also as a layer in the tissue of the 

mucous membrane, and in the villi ; in the trachea and bronchial 

tubes, in the bladder and ureters, and the ducts of the larger glands ^|^ 

generally, in the uterus and its appendages, in the corpora cavernosa 

of both sexes, in the prostate gland, in the spleen, in the muscle of 

Miiller at the back of the orbit, and in the ciliary muscle and iris. 

The middle coat of the arteries, the coats of many veins and those of 

the larger lymphatics contain plain muscular tissue. In the skin it 

is present in the tubules of the sweat glands, in the form of minute 

muscles attached to the hair-follicles, and in the dartos or subcutaneous ,. , 

tissue of the scrotum. Numerous nerves, chiefly of the pale variety, ^ 

are supplied to this tissue ; before their ultimate distribution they 

frequently come into connection with microscopic ganglia. The 

tissue receives blood-vessels, but these are far fewer in proportion than those of 

voluntary muscle. In some situations, as in the wall of the stomach and intestine, 

abundant lymphatic plexuses are found in close relation to the muscular layers. 

Development. — The elements of the plain or unstriped muscular tissue are 
derived from embryonic nucleated cells, consisting of the usual granular-looking 
protoplasm. These cells become lengthened out, pointed at the ends, and flattened 
with elongation of the nucleus, whilst their substance becomes longitudinally fibril- 
lated and anisotropous, and acquires its permanent condition and characteristic 
properties. 

The great increase in the muscular tissue of the uterus during gestation takes 
place both by elongation and thickening of the pre-existing fibre-cells of which that 
non-striated tissue consists, and it is said also by the development of new muscular 
fibre-cells from small nucleated, granular cells lying in the tissue. In the shrinking 
of the uterus after parturition the fibre-cells diminish to their previous size ; many 
of them become filled with fat granules (fig. 348), and eventually many are doabtless 
removed by absorption. 

Begeneration of plain muscle after artificially-produced lesions has been seen to 
be accompanied by karyokinetic multiplication of the muscle-cells adjacent to the 
lesion (in the newt by Stilling and Pfitzner). 
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OABDIAO MUBOUIiAB TISST7Z. 

The fibres of the heart (figs. 349, 350) diflfer remarkably from those of in* 
voluntary muscular organs iu general, inasmuch as they present transverse striae- 
The striae, however, are less strongly marked, and less regular, and the fibres are 
smaller in diameter than in the voluntary muscles. They differ also from these in 
being made up of distinct quadrangular cells (fig. 349) joined end to end and often 
presenting a branched or forked appearance near one extremity (c). Each cell has a 





Fig. 849. — Six muscular fibrk-oklls from thi hka&t, MAaRiFiBB 425 dumstrrs. (E. A. S. ) 

a, line of junction between two cells ; b, c, bnnching of cells. From a dnwing by Mr. J. V., 
Naale. 

Fig. 850. — Muscular fibrbs from thb heart, magnified, showiro tbbir cross strije, DinsioHPr 

AND JUNCTIONS. (Schweiggcr-SeideL) 

The nuclei and cell- junctions are only represented on the right-hand side of the figure. 

single clear oval nucleus situate near the centre ; occasionally two nuclei are seen^ 
The cell substance is striated longitudinally as well as transversely, its substance 
appearing to be composed of a number of parallel colunms (sarcostyles), which on 
transverse section are seen as small polygonal areas. An investing membrane or 

Fig. 861. — Fragment of the itet- 

WORK OF PURKINJE FROM TBX 
VBNTRIOULAR ENDOCARDIUM 01" 

TH^ 8HBBP. (Banyier.) *f>. 

c, cell ; /, striated substance f 
n, nuclei. 

sarcolemma has not hitherto 
V been proved to exist on these 
. ;. /; fibres. 

:%; f'-/"^ ^^ The muscular fibres of the 

"--^^ heart freely divide and anas» 

tomose (fig. 350), the junc- 
tions with neighbouring fibres being effected by the medium of the oell-off»et» 
above noticed. 

In the frog and lower vertebrata genemlly the muscular fibres of the heart are 
formed of elongated spindle-shaped cells, resembling in shape the cells of plain mus- 
cular tissue, but exhibiting distinct transverse striation. 
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In oertain sitnations, e,g.^ immediately beneath the lining membrane of the 
ventricleSy the cardiac muscular tissue shows a peculiar modification in the form of a 
network of clear beaded fibres, just visible to the naked eye, which w^ere described by 
Purkinje, and are known by his name. When examined with the microscope they 
are seen to be composed of large clear quadrangular cells ; each usually contain 
two nnclei near the centre, with a little granular protoplasm around the nuclei. At 
the margin of the cells are columns of transversely striated muscle-substance, which 
partly surround the cells and appear to join with the muscle-columns of adjacent 
cells, so as to produce the aspect of an open network of muscular fibres with large 
cells occupying its meshes. The most probable explanation of this appearance is 
that these are cells of the muscular tissue the differentiation of which has been 
arrested at an early stage of their development, and that the cells themselves have 
continued to grow without any further formation of the cross-striated substance. 

Like the skeletal muscles the heart-muscle is richly supplied with blood-vessels. 
The muscular tissue differs, however, from that of ordinary skeletal muscles in the 
large supply of lymphatic vessels with which it is provided. The lymphatics, in 
fact, occupy almost all the interstices of the muscular network, so that the muscular 
substance is like a sponge, the meshes of which are occupied by lymph. The nerves 
which are supplied to the cardiac fibres are all non-medullated near their termina- 
tions. Their manner of ending will be afterwards considered. 
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The nervouB Bystem consistB of a central part, or rather a series of connected 
central organs, named the cerebrospinal axis, or cerebrospinal centre ; and of the 
nerveSy which have the form of cords connected by one extremity with the cerebro- 
spinal centre, and extending from thence through the body to the muscles, sensible 
parts, and other organs placed in functional relation with them. The nerves form 
the medium of communication between these distant parts and the centre. One 
class of nervous fibres, termed afferent or centripetal, conducts impressions towards 
the centre, — ^another, the efferent or centrifugal, carries stimuli from the centre to 
the periphery. 

Besides the cerebro-spinal centre and the nervous .cords, the nervous system 
comprehends also certain bodies named ganglia, which are connected with the 
nerves in various situations. These bodies, though of much smaller size and less 
complex nature than the cerebro-spinal centre, agree, in some respects, with that 
organ in their elementary structure, and to a certain extent also in their relation 
to the nervous fibres with which they are connected ; and this correspondence 
becomes even more apparent in the nervous system of the lower members of the 
animal series. 

The nerves are divided into the cerebro-spinal, and the sympathetic nerves. The 
former are distributed principally to the skin, the organs of the senses, and other 
parts endowed with manifest sensibility, and the muscles. They are, for the most 
part, attached in pairs to the cerebro-spinal axis, and like the parts which they 
supply are, with few exceptions, remarkably symmetrical on the two sides of the 
body. The sympathetic nerves, on the other hand, are destined chiefly for the 
viscera and blood-vessels, of which the movements are involuntary, and the natural 
sensibility is obtuse. They differ also from the cerebro-spinal nerves in having 
generally a greyish or reddish colour, in their less synmietrical arrangement, and 
especially in the circumstance that the ganglia connected with them are much more 
numerous and more widely distributed. Branches of communication pass from 
many of the spinal nerves at a short distance from their roots, to join, and in fact 
to form, the sympathetic, which is thus seen to be merely an offset from the cerebro- 
spinal centre, as indeed its mode of development (see Embryology) would also 
appear to show. 

The nervous system is made up of a substance proper and peculiar to it, with 
inclosing membranes, nutrient blood-vessels and supporting connective tissue. 
The nervous substance has been long distinguished into two kinds, obviously differ- 
ing from each other in colour, and therefore named the tvhite, and the grey or 
eineritums. 

When subjected to the microscope, the nervous substance is seen to consist of 
two different structural elements, viz., fibres and cells. The fibres are found uni- 
versally in the nervous cords, and they also constitute the greater part of the 
nervous centres : the cells on the other hand are confined in a great measure to the 
cerebro-spinal centre and the ganglia, and do not exist generally in the nerves 
properly so called, although they are found at the terminations of some of the 
nerves of special sense, and also interposed here and there among the fibres of 
particular nerves ; they are contained in the grey portion of the brain and spinal 
cord, and in the ganglia. 
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NBBVX-FZBRX B. 

Two kinds of nerve-fibres are met with in the body, differing from one another 
both in their microscopical character and in their more obvious aspect : those of 
the one kind have received the name of white fibres, on account of the appearance 
which they present when collected in considerable nnmbere, as in the nerve trunks 
or white matter of the nerve centres, the others being denominated grey fibres. 
When examined with the microscope it is found that this difference of aspect 
depends upon the presence or absence of a peculiar sheath to the fibre, formed of a 
kind of fatty substance, this fatty or medullary substance, as it is termed, giving a 
dark double contour to the white fibres (when seen by transmitted light), which Ib 




'.b'l 




Fig. 852. — White or mbdullatbo hbrts-pibbes, showibq tbb biruous outlinb and 
DOUBLB OOHTOUBS (after Bidder and Volkmann). 

Fig. 353. — A SMALL PABT OF A MBBVLLATBD FIBBB HIOHLT XAGNIFIBD (E. A. S.). 

The fibre looks in optical section like a tube — hence the term tnbular, formerly applied to thesv 
fibres. Two partial breaches of continuity are seen in the medullary sheath, which at these |4aoe» 
exhibits a tendency to split into lamine. The primitiTo sheath is here and there apparent outside the 
medullary sheath » and the delicate strife which are Tisible in the middle of the fibre probably indicata 
the fibrillaied axis-cylinder. 

Fig. 354. — Vabicosb medullatxd fibres from the boot of a spinal nbbvx (from Valentin). 

altogether absent from those of the other kind. On account of this the white fibres 
are also known as the double-bordered or medullaied fibres^ the grey fibres being 
termed in contradistinction the pale or nan-medullaled fibres, or from their dis- 
coverer, the fibres ofBemak, 

The mednllated nerve-fibres form the white part of the brain and spinal cord, 
and by far the greater part of the cerebro-spinal nerves. Viewed singly under the 
microscope with transmitted light they are transparent, and, as before stated, are 
characterised by their well-defined even outline and, except the smallest, by their 
double contour, which gives them a tubular aspect. 

Their size differs considerably even in the same nerve, but much more in 
different parts of the nervous system ; some being less than yrirn^th inch (2 /a), 
and others upwards of T&Vrsth inch (17 /t) in diameter. Speaking generally, they 
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may be divided into three sets or kinds according to their size. Thus, mofit 
fibres which are found in the ordinary or cerebro-spinal nerves are fcom Sf* to 
1 6fi in diameter; whereas those which pass from the roots of the spinal nerves 
to the sympathetic average only from l*8/i to 3'6/i, while fibres of an inter- 
mediate size occur in large numbers in the vagus, the glosso-pharyngeal, the facial, 
and in the motor root of the fifth nerve as well as in the anterior roots of the spinal 
nerves (Graskell)* These difierences are illustrated in fig. 384, p. 329. 

Many of the medullated nerye-fibree appear dilated or swollen out at short distances alon^c 
their length, and contracted in the intervals between the dilated parts. These fibres, however, 
are naturally cylindrical like the rest, and continue so while they remain undisturbed in their 
place ; and the yaricoee character is occasioned by pressure or traction during the manipula- 
tion, which causes the soft matter to accumulate at certain points, whilst it is drawn out and 
attenuated at others (fig. 354), The fibres in which this is most apt to occur are usually of 
smaU size, ranging from ^^ to ^^th of an inch in diameter ; and when a very small fibre is 
thus affected, the varicosities appear like a string of globules held together by a fine transparent 
thread. 

Stmotnre of mednllatad fibres. — The medullated fibres are composed for the 
most part of three distinct structures, viz., an axial fibre (the axis-cylinder of 




Fig. 355. — Diagram to show the parts of a medullated fibre, viz., 1, 1, outer or primitive 
Aealh enclosing the doubly contoured white sttbttance or medullary theath, 2, a part where the white 
substance is interrupted, the outer sheath remaining. 8, axi$ cylinder projecting beyond the broken end 
of the tube. 4, part of the contents of the tube escaped. 

Fig. 356. — Two portions of mnuLLATBD rkrvk fibris, after trkatmert with osmio acid, 
SBOWiKQ thb axis-otukdsr, ahd thr mrdullart ahd primitiyr shraths (Key and Retxius). 

A, Node of Banvier. B, Middle of an iniemode with nucleus. 

e, axis-cylinder, projecting at the broken end ; p, pAaitiTe sheath within which the medullary sheath , 
which is stained dark by the osmic acid, is somewhat retracted. 

Fig. 357. — Part of an axis-cylinder, hiohlt magnified, showing the fine varicose fibrils 

WITHIN IT (Max Schultse). 

Purkinje), enclosed within two sheaths, one of these being the meduUary sheath 
already mentioned, and the other a delicate membranous tube outside of all, termed 
the nucleated sheath of Schwann^ the primitive sheath^ or the neurolemma^ But there 
are medullated fibres in which the primitive sheath is absent, and other fibres and 
prolongations of fibres in which there is no sheath whatever to the axis-cjlinder. 

1 The term neurilemma or neurolemma was formerly applied to the connective tissue sheath of the 
funiculus (see p. 325), which is now known as the perineurium. 
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Bat the latter is always present, and is indeed the chief fnnctional constitaent of 
the nerve-fibre. The several parts of which the nerve-fibre is composed may now be 
described in detail 

Axis-cylinder. — The essential part of every nerve-fibre is a pale and somewhat 
indistinct strand, which runs in the axis of the fibre and is termed the axis-hand^ 
axial fihre^ or more commonly the axis-cylinder (fig. 855, 3 ; and 356, c). This 
essential part is usually enclosed, as just mentioned, in one or more sheaths, but 
these are not always present, especially at the origin and termination of a nerve- 
fibre ; and even in the course of the fibre they may be interrupted at intervals. 
The axis-cylinder, on the other hand, undergoes no interruption along the whole 
course of the nerve, from the nerve-centre to the peripheral distribution. Jt 
( appears further to be clearly established that the axial fibre of a nerve is in every 
\ case a direct prolongation of a branch of a nerve-cell. It is therefore to be looked 
upon in the light of a far-extending cell-process ; and the study of the development 
of the nerve-fibre affords a direct confirmation of this view of its nature. 

In the fresh state, and under high powers of the microscope, the axis-cylinder 
presents an appearance of longitudinal striation, indicating a fibrillar structure (fig. 
357) ; and at the termination of the nerves it may often be seen to separate into a 

A B ^^' ^^^' — Nkbvb-pibrks stainbd with nitrate op silver to show 

Frommann*s markings in the axis-ctlinder. (BanTier.) 

A, fibre showing a node, a, with the constricting ring. The axis- 
cylinder has become shifted, and the part wliich was opposite the nodo 
and which is stained by the sUver, is now below it ; r„ conical enlaige- 
ment of the axis-cylinder. 

6, Isolated axis-cylinder. 

number of exquisitely fine filaments or fibrils. These, 
ih^ primitive fihrillcB of Max Schultze, are embedded in a 
homogeneous or finely-granular material, and may with 
some reason be regarded as constitutiug th^e essential or 
cotfducting part of the axis-cylinder, and therefore of the 
nerve ; at least, it frequently happens that they form the 
only visible portion of the nerve-fibre that is prolonged 
to the ultimate termination. The fibrils often exhibit 
minute varicosities which are highly characteristic in 
appearance. They have a remarkable aflBnity for gold 
salts, and when placed first in solutions of these and 
afterwards in reducing agents (or merely exposed to the 
light in water), the metal becomes deposited in the nerve-fibrils, giving them a dark 
violet, almost black, appearance (see fig. 407, p. 346). They also become deeply 
staincKl by methyl blue, especially when it is injected into the vascular system of the 
living animal (Ehrlich). These methods are employed to trace the mode of ending 
of the fibrils. % 

The axis-cylinder is, by some authors, stated to be invested with a very delicate 
structureless sheath. This sheath, which was first described by Mauthner, may 
possibly be a protoplasmic inner layer of the medullary sheath ; but it is somewhat 
doubtful whether the appearance is not due to a layer of fluid which has become 
expressed by a shrinking of the axis-cylinder and coagulated under the influence 
of the reagents employed. 

It was shown by Frommann that after treatment with nitrate of silver and snbfleqnent 
exposure to the light the axis-cylinder becomes stained in each a manner as to exhibit a distinct 
cross-striated aspect (fig. 858), but it is not known whether this depends upon any stnictaral 
feature of the fibre or not. In addition to this cross-striated appearance, which may be seen 
in any part of the axis-cylinders, they exhibit a peculiar biconical enlargement at each node 
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of Ranyier when thus treated, the enlsrerement coirespondixig in Bitnation to the animlar oon^ 
etricting band of the node (Banyier). 

It 18 not always easy to distinguish the axis-cylinder in the medallated fibres when they are 
examined in the fresh condition, bat it can generally be made manifest by staining the nerve 
with carmine or haamatoxylin. In a transverse section of a nerve thus stained the axis- 
ojlinders appear in the form of ronnd or oval areas occupying the centre of the fibres (fig. 362), 
bnt they are often mnch shrunken. The fibrils of the axis-cylinder have a tubular aspect in a 
well prepared section, which is distinctly visible in photographs under a high power. 

Fig. 859. — PoRTioHs or two hsbvs-pibbss stained with osmo acid (prom ^ ^ 

A TOUNO babbit). 425 DIAMBTBBS (R A. S.). 

B, R. Nodes of Ranvier, with axis-cylinder passing throagh. a, Primitive 
abeath of the nerve ; e, opposite the middle of the segment indicates the 
nuclens and protoplasm lying between the primitive sheath and the medullary 
sheath. In a the nodes are wider, and the intersegmental substance more 
apparent than in b. (From a drawing by Mr. J. B. Neale.) 

Kedullary Sheath. — The myelin or snbstanoe of the 
mednllary sheath (which was termed the white substance by 
Schwann on account of its presence being the chief cause of 
the whiteness of the nerves), undergoes peculiar changes on 
exposure of the nerve to the action of water and other fluids, so 
that the outline of the fibre is often rendered uneven ; round 
and irregular spots appear at various points, the medullary 
sheath acquiring eventually a confusedly curdled aspect. 

The thickness of this sheath varies within wide limits, and 
indeed this is the chief cause of the variation in size of the 
medullated nerve-fibres, although the axisrcvlinder may also 
Tary in diameter to a considerable extent In some fibres, 
the medullary substance forms an exceedingly thin layer, so as 
to be scarcely distinguishable except by the darker outline 
which it imparts to the fibre, or it may only occur in parts, 
these alternating irregularly with other parts in which there is 
a complete absence of white substance. Such fibres, which are 
common in some parts of the sympathetic system (fig. 365, 
HI, m), may be regarded as transitional between the white 
and the grey fibres. ^ 

ITodea and intemodes c^ Baavier. — It was shown by 
Banvier, that there constantly occur in the peripheral medullated 
nerve-fibres, breaks in the continuity of the white substance, which 
succeed one another at regular intervals along the course of the 
nerves, and give the fibres the appearance of being constricted 
at these places. These constrictions or nodes of Ranvier, as they 
may conveniently be termed, divide the fibre into a series of 
intemodes of nearly equal length. The segmentation is readily 
made apparent by the action of a solution of osmic acid, which 
leaves the nodes (fig. 359, R, b ; fig. 860) almost colourless, 
while the medullary sheath, or white substance of Schwann, 
becomes stained of an inky black colour. 

The white substance of the medullary sheath is often found 
to have shrunk somewhat in the neighbourhood of a node 
(fig. 356, a), and it can then be seen that there is present, in 
addition to it, a clear or finely granular stroma, which has become evident in 
consequence of retraction of the fatty substance which normally pervaded it. 

The outer or membranous sheath of the fibre (neurolemma) appears to be continued 
over the nodes, for when a medullated fibre is examined in water and the substance 
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of the medullary sheath exudes from the cut ends of the nerve-fibres, it is found 
that the place of that which thus escapes is taken bj the white substance from the 
next internode ; and this substance may be seen to flow past the constrictions of 
Ranvier without escaping at those points. Within the primitive sheath the inter- 
nodes are united by an annular disc — the " constricting band " of Ranvier — ^the 
nature of which is unknown, although like intercellular substance elsewhere, it 
becomes stained by nitrate of silver. The last-named reagent stains also the axis- 
cylinder in the neighbourhood of the node in the manner indicated by Frommann 
(see page 810), so that the fibres after this treatment appear marked with little 
crosses (fig. 881) ; the transverse limb of the cross being due to the ring of inter- 
segmental substance, the longitudinal to the axis-cylinder. Many other fluids stain 
the axis-cylinder at the nodes only, being prevented from reaching it elsewhere owing 
to the presence of the fatty matter in the surrounding medullary sheath. 

The division of nerve-fibres always occurs at the site of a node of Ranvier (see 
fig. 888, p. 838). 

Engelmann argfues in favour of a discontinnity of the axis-cylinder (as well as of the 
medullary sheath) at the nodes of Ranvier, basing his argument partly on the fact that the 

Fig. 360. — Nodes of Bantier feok the neevb of a piobok, 

TREATED WITH 08MI0 AOID. (▼. Qedoclst.) 

The medullary sheath is stained black. The fibrils of the 
axis-cyUnder have eDlaigemeiits at the middle of the node. In 
A the constricting band is seen. 

degeneration which results above the section when a 
nerve-fibre is cut, stops at the first node of Ranvier, partly 
on appearances obtahied after a certain method of treat- 
ment with nitrate of silver, a dark deposit characteristic 
of inter-ceUular substance traversing, according to the 
account given by him, the thickness of the axis-cylinder 
at the nodes. He also points out that the axis-cylinders 
very readily become broken across at the nodes. This view 
has been in a measure confirmed by the researches of 
Gkdoelst, who has shown that there is a tendency at the 
nodes of Ranvier for the fibrils of the axis-cylinder to 
develop minute swellings or nodosities which closely 
resemble those which are formed upon the achromatic 
fibres which unite the two daughter-nuclei of a dividing 
cell in most vegetable and some animal tissues (^Zell-platte 
of Strasburger) and which indicate the plane of separa- 
tion between the two daughter-oells and of formation of 
the cellulose or other membrane. Such a structure is 
shown in the representations of a dividing ovum given by 
Strasburger (see fig. 218, p. 188), and is superficially very similar to that figured by Gedoelst 
upon the axis-cylinder at the nodes (fig. 360). But the identity of the two structures in spite 
of this superficial resemblance must not be taken as proved. The axis-cylinder is not an 
out-growth from a nucleus, nor can its segments be taken to represent nuclei. Neither do its 
fibrils resemble in chemical characters so far as is known the achromatic fibrils of a 
cell-nucleus. But in spite of these differences the correspondence between an inter-node 
of a nerve and an elongated cell is so direct and obvious that a view which permits of the 
presence of the nodes of Ranvier being explained as indicating a tendency of the fibre to 
become divided across into cell-segments cannot be altogether disregarded. Ranvier, Boveri, 
and others, have looked upon the medullaiy and primitive sheaths only as being thus segmented 
up into cells, which they regard as wrapped around the axis-cylinder. But when first developed 
the medullary sheath is a continuous and unsegmented layer, and appears to be laid down upon 
the surface of the pale fibre which is becoming medullated, by the superficial protoplasm of that 
fibre itself (see Development of nerves). 

The intemodes or nerve-segments vary in length in different nerves ; in larger 
nerve-fibres they may perhaps, speaking ronghly, average about 1 mm. In the 
nerves of young animals they are often much shorter than this, so that the growth 
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of nerves in length with the growth of the limbs and other parts of the body is in 
part dne to interstitial elongation of the segments. 

In the middle of each internode an oval nadeas lies embedded in the medoUary 

Fig. 361, — ^MiDULLiiTKO HKBTB-nsBB TRKATBD WITH 08MI0 ACID (Key and Retzius). 

A node of Ranvier (E) and a nucleus (K) is represented. The medullary sheath 
appears broken up into a number of segments with conical or funnel-shaped ends fitting 
into one another. 

fiheath (figs. 356, b, 359, <;, 861, k); these nuclei will be described with 
the primitive sheath. 

Kednllary segmentB. — Other breaks of continuity are seen in the 
medullary sheath (figs. 353, 361) which are of an entirely different nature 
from the nodes of Ranvier ; indeed it is somewhat uncertain how far they 
correspond to a pre-existent structure in the fibre. In consequence of 
their presence the medullary sheath appears as if made up of a number 
of small cylindrical segments with either conical or funnel-shaped 
ends which fit in with one another in the alternate segments. The 
segments in question have been frequently described as integral 
constituents of the medullary sheath (Schmidt, Lantermann and others). 
It is easy to conviuce oneself of the reality of the appearances here 
mentioned, but it is far less easy to be certain that they are not artificial 
productions. Against the view of their existence in the natural condi- 
tion it is to be noted that they are extremely variable in number and in 
size in a given length, even of the same nerve-fibre, that they appear 
to become increased in number if the nerverfibre have been subjected to 
much manipulation, that they have no constant relation, so far as can 
be made out, to the other parts of the meduUated fibre, and that, 
according to the testimony of several careftil observers, they are not to 
be seen in the nerve-fibres of the living animal, unless these have been 
fiubjected to an abnormal amount of traction or other mechanical injury. 
This last assertion is denied, however, by others, who maintain the 
pre-existence of the medullary segments, and describe them and the 
oblique clefts which separate them as definite parts of the sheath. 
Ranvier on the other hand, who first described the original protoplasmic 
condition of the medullary sheath, considers that the protoplasm has 
disappeared and become replaced by the pseudo-fatty substances (lecithin, 
neurin, &c.), except next to the primitive sheath or neurolemma, and next 
to the axis-cylinder, where fine layers still remain, and he regards these as 
being connected with one another by protoplasmic septa, which lie in the 
intervals between the conico-cylindrical segments of the medullary sheath. 
In short he regards each segment of the medullary sheath as repre- 
senting an elongated cell occupied mainly by this fatty material and 
wrapped round the axis-cylinder. 

Careful examination of the fibres in the fresh condition reveals fine 
obliquely disposed lamellse, which in optical section have the appearance of 
fibres, bridging across the clefts between the segments (fig. 353). In nerve- 
fibres which have been treated by a mixture of bichromate of potash and 
osmic acid, and afterwards by nitrate of silver, the situation of each cleft 
is occupied by what looks like a thread of darkly stained substance passing spirally 
around the fibre (Rezzonico, Clolgi). The meaning of these appearances is by no 
means clear. 

Sod-like and raticiilar stroctures in the medullary sheatli. — It was 
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shown by McCarthy that after a nerve has been hardened with ohromate of 
ammonium (picric acid is still better adapted for the prnpose) the medullary sheath 
appears pervaded with minute rod-like structures which pass radially between the 
axis-cylinder and the primitive sheath in such a manner as to give the crossHBection 

Fig. 362. — Sbctioh across part op a hbrvb-trukk, SHOwnra 

THE 8B0TIOH8 Of THE KIRTK- FIBRES (K. A. S.). ^^ 

(From a photograph.) 

The neire was hardened in picric acid and stained with 
picrocarmine. The radial striation of the medullary sheath i» 
very apparent. In one fibre the aidS'Cylinder is shrunken and 
the medullary striations are broken. The fibrils of the axis- 
cylinder are clear in section and suggest a tubular structure. 

of a nerve-fibre the appearance of a wheel. The 
rods stain with carmine and heematoxylin, which 
do not colour the fatty substance of the medullary 
sheath. In nerves stained with osmic acid (in 
which these structures were first detected by Lantermann) they are far less easily 
seen, in consequence of the dark colouration of the fetty substance in which they are 
embedded. The apparent rods are not distinct from one another, but are united, for 
it is not possible to isolate them as separate elements. 

If a nerve is first placedin strong alcohol and then subjected to the action of 
staining fluids, it will be found that the rod-like structures are not visible as such, but 

A B Fig. 36S. — Nerve-fibrbs showinq rbticitlae appear- 

AROES IN THE MEDITLLART SHEATH (Qedoolst). 

A. A nerre-fibre from the toad, showing different 
appearances of the network at different parts of its course. 

B. A nenre-fibre from the guinea-pig, showing a much 
coarser network, n, nucleus of fibre. 

the medullary sheath appears pervaded instead 
by a finely reticular structure, which like the 
rods, becomes readily stained by most dyes. The 
network thus obtained is considered by Kiihne 
and Ewald, who first drew attention to it, to be 
j jj j liP^ chemically of a horny nature, on account of the 

resistance it offers to reagents, and especially to 
digestive ferments, and they have accordingly 
designated it the homy reticulum or neurokeratin 
network. They further describe it as continuous 
with two delicate membranes of a similar nature, 
one immediately investing the axis-cylinder and 
the other lining the primitive sheath. The 
pre-existence of a neurokeratin network is, how- 
ever, at least questionable. Of the presence both 
in the nerves and in the white matter of the 
nerve-centres of the material known as neurokeratin there can be no doubt ; it 
appears probable, however, that its reticular arrangement is a product of the reagent 
(alcohol) employed to demonstrate it. This at least has been the opinion of most 
authors who have investigated the subject (Hesse, Pertik, Waldstein and Weber), 
whereas others, whilst admitting its variability, consider its pre-existence beyond 
doubt. Gedoelst, who maintains this view of the neurokeratin network, regards it 
as the reticulum of the original protoplasmic cell from which the medullary sheath 
of the nerve-segment has been formed. It must be admitted, however, that its 
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extreme Tariabilitj of appearance and size of mesh (fig. 868) even in the coarse 
of the same nerve-fibre, lends much probability to the view that it is produced 
artificially by the precipitation by the reagent employed, of some material entering 
into the constitution of the myelin of the medullary sheath. Gerlach has in fact 
shown that the character of the reticulum varies with the strength of the alcohol 
employed to act upon the nerve. 

It will be seen from the above that there is still mnch diversity of opinion with regard to 
the minute stmctnre of the medullary sheath of the nerves. As to its chemical oomposition, 
the white substance or myelin consiHta chiefly of lecithin and neurin together with cholesterin 
and one or two other substances in less amount. When escaped from the nerve-fibres it forms 
drops either rounded or irregular in shape, which always show the double contour which is so 
fihajncteristic of the medullated nerve-fibres, the appearance being due to the peculiar manner 
in which myelin refracts the light. In contact with water it combines with that fluid, and as 
A result of the imbibition the myelin-drops undergfo a considerable increase in bulk, accom- 
panied by remarkable changes of form, often growing out into tube-like filaments for a con- 
siderable distance into the fluid. In this behaviour myelin is not peculiar but resembles 
4»rtain other substance of a fatty and resinous nature. 

It is generaUy believed that medullated nerve-fibres occur only in vertebrates, but BetziuB 
has described the nerve-fibres in Palsemon (a crustacean) as also possessing a myelin-sheathi 
with nodes and intemodal nuclei. 

Sheath of Schwann, primitive sheath, or neurolemma. — The sheath of 
Schwann forms the outermost covering of the white nerve-fibres. It has the appear- 
ance of a delicate homogeneous membrane with nuclei disposed at intervals along 
its inner surface. As already mentioned, these nuclei bear a definite relation to the 
segments of the nerve-fibre, for they lie about midway between the nodes, only one 
nucleus being found in each intemode (fig. 859). The nuclei are oval and some- 
times flattened, they usually lie in a depression of the medullary sheath, and at each 
end of the nucleus, especially in young nerves, there is a small amount of granular 
protoplasm which may spread for a short distance between the primitive and the 
medullary sheath. The primitive sheath usually dips in at the nodes and is there only 
separated from the axis^ylinder by the annular band of Eanvier before mentioned. 

So long as the primitive sheath is accurately filled by the contained medullary 
substance its outline can seldom be distinguished, but sometimes, when the white 
substance separates at various points from the inside of the tube, the contour of the 
fibre becomes indented and irregular, and then the membrane in question may, in 
favourable circumstances, be discerned as an extremely faint line, running outside 
the deeply shaded border formed by the white substance. 

In the white fibres of the brain and spinal cord the nucleated sheath is absent, 
and these are only invested by a medullary sheath. In consequence of the absence 
of the comparatively tough primitive sheath the fibres from these situations cannot 
be isolated for any distance without rupture, and it is found that for the same reason 
the medullary sheath readily breaks away from the axis-cylinder, so that this is thus 
left bare. It is usually stated that the nodes of Ranvier do not exist on these 
white fibres of the brain and spinal cord ; but various observers have described 
appearances which seem to indicate that the nodes may be present in these fibres also. 

Pale or non-mednllated fibres ; fibres of Bemak. — These occur princi- 
pally in branches of the sympathetic nerve, bat they are found also in greater or less 
amount in the cerebro-spinal nerves. They are transparent, faintly striated fibres of 
varying size, which exhibit nuclei at frequent intervals. The nuclei are applied to 
the surface of the fibre, and, according to the generally received account, belong to a 
delicate homogeneous sheath, similar to the primitive sheath of the medullated fibre. 
It most be admitted, however, with Ranvier that it is difficult or impossible to 
exhibit the sheath, and if this is the case, the nuclei must be regarded as embedded 
in the peripheral layer of the fibre itself, and as belonging to this. Many of these 
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fibres are branched and nnited with neighboariiig fibres, so as to form a network 
along their course ; a condition which is never foand in the course of themednllated 




Fig. 364. — Portion of thb nbtwork or fibrss of r^mak from thi pksuxogastrkt 

OF THE Doo (RanTier). 

7», nuclens ; p, protoplasm sarroanding it ; 6, stmtion caused by fibrils. 

Fig. 365. — A SMALL BURDLV OF HSRYB FIBRES FROM THK SYMPATHETIC NERVE (Key and Retzius)< 

The bundle is composed of pale nerve-fibres, with the exception of the fibre m, m, which is enclose<^ 
here and there by a thin meduUary sheath ; n, n, nuclei of pale fibres. 

I* 

nerves. The branches of the olfactory nerve consist wholly of pale fibres, but these 
are different from the ordinary pale fibres in being provided with a distinct nucleated 
sheath. 



NXRVS-OlilljIjS. 

These are found in the grey matter of the brain and spinal cord and in the 
ganglia ; they exist also in some of the nerves of special sense near their termina- 
tions, and occur here and there in the course of certain other nerves. They aiv 
often named ganglion-cells. 

In shape, nerve-cells vary greatly. Thus they may be spheroidal or ovoidal 
with a general even outline, or they may be of an angular or irregular figure, and it 
is found that the nerve-cells have a characteristic shape in certain parts of the 
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nervous system. For example, the cells from the spinal ganglia of man and most 
vertebrates are of a rounded shape (see fig. 866), those from the sympathetic 
ganglia are more angular (fig. 367), those from the grey matter of the spinal cord of 
an irregular form, and provided with numerous branching processes (fig. 868) ; 
those from the cerebral convolutions conical, those from a particular layer of the 





Fig. 866.— Two nxrve-oells fbox a spiital ganqlion (humait} (Retiios). 

th, nncleated sheath ; n, n, nuclei of the primitive sheath of the nerve. From each ceU a fibre can 
be Been to arise, and after a convoluted course on the surface of the nerve-cell, to bifurcate (opposite d) ; 
from which point the divisions pass either in the opposite direction to one another, as in A, or at first in 
the same direction as in B. The nuclei of the sheath of the nerve-cell are all represented in B, but only 
those seen in profile have been represented in A. 

Fig. 367. — A OAHGLION-CSLL WITHIN ITS SHBATH ; FROM THE HDMAH 8TMPATHETI0. 

HiOHLT MAQHIFIED. (Key and Betzius.) 

grey matter of the cerebellum, flask- or retort-shaped (fig. 874, c), and so on. Other 
cells, situated in the course of certain nerve-fibres, are somewhat spindle-shaped, the 
two poles of the spindle being prolonged into the nerve-fibre. 

Nerve-cells vary much in size as well as in shape. Many of the nerve-cells in 
the body are very large, but there are others which are quite small. The latter are 
especially abundant in the deeper part of the grey matter of the cerebellum and in 
the retina, where they form what are known as the granule-layers (fig. 874, d). 

Stmctnre. — The nucleus of a nerve-cell is usually a large clear round vesicle 
containing a very distinct highly refracting nucleolus, and, in some cases, an intra- 
nuclear net-work. The cell-substance is finely granular or punctated, sometimes 
indistinctly striated, or reticular in appearance. Cells are often to be seen which 
contain very distinct brown or yellow coloured patches caused by an accumulation 
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of pigment granules (fig. 872, d). The colour is deeper in adult age than in 
infancy. 

Every nerve-ceU has one or more processes, and the cells are often named 
according to the number of processes they possess, uni-, bi-, and multi-polar ; terms 
not perhaps well chosen, but rendered current by use. A fibrillation similar to that 
in the axis-cylinder of a nerve-fibre is visible in the cell-processes, and it may also 
be traced passing from them into the body of the cell and even through this from 




Fig. 868. — Two nebyk-oslls from thb spinal cord of the ox, isolated after maceration in 

▼ERT DILUTE CHROMIC ACID. MaQNIFIED 175 DIAMETERS. (E. A. S.) 

Bach ceU haa a weU-defined, clear, round nucleus, and a large nucleolus. The cell-processee are 
seen to be finely fibrillated, the fibrils passing from one process into another through the body of the cell. 
a, axis-cylinder process broken a short distance from the cell. 

one process into another (fig. 368). Some afSrm that they have been able to trace 
a connection of these fibrils with the nucleus of the cell, but this is at present 
doubtful. 

Nerve-cells which are entirely destitute of processes have sometimes been described. 
It is possible that such may exist, but there is always a probability that these may 
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be cells, the processes of which have become broken away during the manipulation 
required for isolation. 




Fig. 369. — ^A NBRYB-OILL FBOM THB OKBBBRAL COBTBX (Golgi). 

a, azia-cylinder process. 

Fig. 370. — A BIPOLAR MBRTB-OBLL, WITH ITS P0LB8 PROLOBaBD IHTO MBOULLATBO 

BBBVB-FiBRBS (Eej and Retzius). 
The wHolo is invested by the piimitiye sheath. B, B, nodes of EanTier. 

It has been shown that many cells have at least one of their processes prolonged 
as a nerve-fibre (axis-cylinder process) and the statement is probably true of all 
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developed nerve-cells. In the case of the bi-polar oells^ especially those of a spindle- 
shape with a process from either end, both these processes are prolonged as nerve- 
fibres (fig. 370) : from another point of view the ceD might be looked upon as a 
nucleated enlargement interpolated in the course of the fibre. In other bi-polar 




Fig. 371. — Gakolion-osll of a fboo, hiohlt maomifisd (Beale). 
a, a, straight fibre ; b, 6, coiled fibre ; c, smaller coiled fibre joining it. 

Fig. 372. — Ramified nertb-obll from akterior oornu of spinal cord of man 

(from Gerlach). 

a, azis'Cylinder process. 6, clump of pigment granules. Above the ceU b 
seen part of the network of fibrils mentioned in the text (p. 322). 

Fig. 373. — AXIS-CTLINDKR PROCESS OF A NKRTB-OELL (M. Schultse). 

X , X , Portion of nerve-ceU from spinal cord of ox, with axis-cylinder process, 
a, coming off from it and acquiring at a' a medullary sheath. Highly magnified. 



cells in which the processes come off on the same side of the cell, the latter often 
has a pyriform shape (fig. 371), the fibres being prolonged from the stalk of the 
pear and the nucleus of the cell being placed in the larger end. As was shown by 
Beale, a peculiar arrangement of the two fibres which are thus prolonged from these 
pear-shaped cells is found, the one being generally coiled spirally round the other 
for a certain distance, after which the fibres separate and take opposite directioDS. 
The spiral fibre has been described as breaking up into an interlacement of fine 
fibrils upon the surface of the ceU. An indication of this is represented in fig. 871. 
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CeUs of this kind are met with occasionally in the sympathetic ganglia both of the 
frog (where they were first discoTered by Beale) and of the mammal. 

In multi-polar cells either one or more of the cell-processes may be prolonged 
into nerve-fibres. In the large ramified nerve-cells of the anterior comu of the 
spinal cord only one of the many processes is prolonged into a nerve-fibre. This is 
Imown as the axis-cylinder process of Deiters (figs. 872, 373, a), and is distinguished 
from the other processes of the cell by being unbranched and of a somewhat clearer 
and more evenly fibrillated appearance than the other processes, which branch again 
and again, becoming finer as they proceed, until they are eventually lost to sight in 
the grey matter. 

The ramified oell-prooesses have been regarded by Gol^i as representing rootlets by melons 
of which the cells penetrate into and derive nutriment from the snrrounding grey matter. 
With this idea he has termed them the ^^ protoplasmic " processes as distinguished from the 
nerve-fibre process or processes. Although there does not seem to be sufficient evidence in 
favour of this view ; and the intimate relationship which obtains between the ramified pro- 
cesses of different nerve-cells may still be considered to point to these processes as a means of 
transmission and diffusion of nerve impulses in the grey matter, the view which was formerly 
entertained that the ramified processes are united with one anoUier into a network pervading 
the grey matter is not substantiated by the employment of the most recent methods of 
research, although these methods permit of the following out of the processes of a nerve-cell 
to a much greater extent than any that had been previously in use. In all cases the processes 
appear to end after a number of branchings in free terminations : the branchings may be 
closely interlaced with those of neighbouring cells, but to all appearance remain anatomically 
distinct from them. 

The axis-cylinder process of a nerve-cell is distinguishable from the other pro- 
cesses not only in the fact that as a rule it does not, like those, undergo a dendritic 
ramification near the cell from which it takes origin, but also, as was shown by Golgi, 
in giving off, at right angles to its course, minute lateral fibrils at frequent intervals 
(fig. 369, a). These lateral fibrils lose themselves in the surrounding nervous matter ; 
they perhaps come into relation with similar fibrils from other cells or from nerve- 
fibres, but both their actual mode of termination and their functional significance 
are at present unknown. According to Flechsig they become medullated. 

Ultimately even the axis-cylinder processes of the nerve-cells undergo dendritic 
ramification. This is seen in the terminal ramification which is the ug ual mo de of 
ending of both motor and sensory nerve-fibres, and in the ramification of branches 
from the posterior root-fibres in the grey matter of the spinal cord (see fig. 383, p. 328). 
Sometimes this ramification of the axis-cylinder process occurs nearer to the body of 
the cell, as in the case of the cells of the outer layer of grey matter of the cerebellum, 
in which the axis-cylinder processes, after a longer or shorter course, break up into 
one or more close dendritic ramifications which envelope the cell-bodies of the 
corpuscles of Purkinje (fig. 375). 

Some multi-polar cells, many of those in the ganglia for instance, possess two, 
three, or more nerve-fibre processes and no protoplasmic processes (fig. 367). 
Sometimes these axis-cylinder processes of a nerve-cell, especially those in the 
sympathetic, are continued along their whole course as pale nerve-fibres. But in 
most cases, at a short distance from the body of the cell, they acquire a medullary 
sheath and become in fact medullated nerve-fibres (fig. 373, a'). In the bi-polar 
cells (those at least of a pyriform shape), the one fibre may be prolonged as a pale 
fibre, the other may be a medullated fibre. In other instances both fibres may be 
medullated or non-medullated. In multi-polar cells of the sympathetic ganglia one 
process may be continuous with one of the small medullated fibres which enter these 
ganglia, and the others with non-medullated fibres which pass from the ganglia to 
the peripheral distribution of the nerves. In this manner the cells may act as 
distributing centres multiplying the paths of the nervous impulses towards the 
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periphery, and furnishing at the same time the points of union between the medullated 
and non-medullated fibres. In the uni-polar cells of the ganglia upon the posterior 
roots of the spinal nerves, and in some other situations the single process (which 
may be much convoluted near the cell and soon acquires a medullary sheath) 
bifurcates after a longer or shorter course, and its two branches are eventually 
prolonged in opposite directions along the nerve (fig. 866). 

The nerve-cells in the brain and spinal 
cord resemble the nerve-fibres in the same 
parts in being destitute of any nucleated 
sheath, but in the ganglia each nerve-cell 
is enclosed in a membranous capsule, 
having nuclei on its inner surface and 
apparently continuous with the nucleated 
sheath of the nerve-fibre or fibres with 
which the cell is connected (fig. 367). 

Smrtentaonlar tissue of the nerra- 
oentres; neuroglia. — In the grey matter 
of the cerebro-spinal centre, the nerve- 
cells appear at first sight as if- imbedded 
in a sort of matrix of granular substance, 
interposed between them in greater or le8& 
quantity, and traversed in all directions 
by nerve-fibres. But the appearance of 









Fig. 874.— Structcbk ok oortkx or ckrxbkllum (Sankey). 

a, pia mater ; 6, external layer ; c, layer of corpuscles of Purkinje ; d, inner or granule layer ; r , 
medullary centre. 

Fig. 375. — From a bkctiok of cbrebkllvm, 8TAImxd bt thx mbthod of qolgi (Ram6n y Cajal). 

The figure shows the basket-work of ramifications of the cells of the outer layer of grey matter, 
eoTeloping two corpuscles of Purkinje. 

a, axis-cylinder process of one of the corpuscles ; b, basket-work of fibres derived from the axia* 
cylinder processes, c, of cells of the outer layer. 

granular or molecular matter results from a confused interlacement of fine fibrils and 
especially of the fine ramifications of nerve-cells, and of the special sustentacular 
cells immediately to be described ; or from the crushing and breaking down of such 
fibres in the process of examination. 

The supporting substance which is met with in the white matter of the brain 
and spinal cord between the nerve-fibres also looks in section like a network, 
although rather more open than that in the grey matter. It was supposed by 
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Kdlliker to be a form of retifonn tissue ; accordingly he named it the reticulum of 
the nervous centres, but the term neuroglia which was proposed by Virchow has 
been more generally adopted. It is not, however, of the nature of connective tissue, 
for it contains neither the characteristic fibres nor cells of that tissue ; nor is it 
developed from mesoblast but from the neural epiblast. The neuroglia is, in fact, 
composed entirely of greatly ramified cells (glia-cells), the branches of which pass 
everywhere in the interstices of the proper nervous elements, and are somewhat 
modified in their general arrangement according to the nature of the elements which 
they chiefly support. Thus in the white matter of the spinal cord the branches of 
the nearoglia-cells can be seen bending round the meduUated nerve-fibres and 
accommodating themselves exactly between them like packing material between 
parallel glass tubes (fig. 376). In the cerebral cortex, on the other hand, where 
the arrangement of the nervous elements is 
much less regular, the branches of the glia- 
cells have a dense brush-like arrangement such 
as is shown in fig. 377. 

It has been shown by Ranvier that the glia- 
cells are fibrillated, the fibrils passing through 
the body of the cell from one cell-process to 
another. These are seen in fig. 378, which 
represents a glia-cell from the spinal cord 
isolated after maceration in dilute alcohol. 

In addition to these stellate neuroglia-cells 
a further support is afforded to the nervous 
matter of some parts of the central nervous 
system by the ramified prolongations of the 
ciliated epithelium-cells which line the central canal (spinal cord, &c.). These 
prolongations extend originally to the outer surface of the spinal cord, and 
for a considerable period of its early development they can be traced as fine 




Fig. 376.— A RKUROOLIA-CELL FROM THK 
WHITI 8VB8TAN0I OF THK SPINAL OOBD 
STAIN KD BT OOLGl'S^MITHOD (B. A. S. ). 





Fig. 877. — A HKHItOGUA-CVLL from THI OKRKBRAL OORTKX OF THK MONKRY, 8TAIKRD BY OOLGl'S 

MKTHOD (E. A. S.). 

Fig. 378. — A NKURooLiA-cKLL, ISOLATED IN 38 P. 0. ALCOHOL (RaDYier). 



radiating fibres to its periphery. Although these fibres become subsequently obscured 
by the great development of nerve-cells and fibres between them, it is probable 
that their remnants persist even in the fully developed condition of the nerve-centre. 
Lastly, a certain amount of support is furnished to the soft matter of the central 
nervous system by the prolongations of pia mater (connective tissue sheath of the 
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brain and cord) which here and there dip in from the surface either as septa, such 

as that which passes into the posterior fissure of the spinal cord, or as carriers of 

blood-vessels, which everywhere enter the substance of the centro-spinal centre 
from the veasels of the pia mater. 



CONBTRUOTION OF THS NSRVJBS AND NaRVX-BOOTB. 

The nerves are formed of the nerve-fibres already described, collected together 
and bound up in sheaths of connective tissue. A variable number of fibres inclosed 
in a tubular sheath forms a slender round cord of no determinate size, usually 
named a funiculus ; if a nerve is small it may consist of but one such cord, but in 
larger nerves several funiculi are united together into one or more bundles, which, 
being wrapped up in a common membranous covering, constitute the nerve (fig. 879). 
Accordingly, in dissecting a nerve, we first come to an outward covering, formed of 
connective tissue, ofi^en so strong and dense that it might well be called fibrous. 
From this common sheath we trace connective tissue bundles passing between the 
funiculi, connecting them together as well as conducting and supporting the fine 











Fig. :)79.— Sbctiom uf the iktkbnal saphenous kerve (human), made after being stained im 

O8MI0 ACID AND SUBSEQUENTLY HARDENED IN ALCOHOL. DuAWN AS SEEN UNDBB A VERY LOW 
MAONIFYINO POWER. (E. A. 8.) 

ep, epineurium, or general sheath of the nerve, consisting of connective tissue bundles of variable 
Kise, separated by cleft-like areolie, which appear as a network of clear lines, with here and there fat- 
cells / /, and blood-vessels v : />er, funiculus enclosed in its lamellated connective tissue sheath 
(perineurium) ; endf interior of funiculus, showing the cut ends of the meduUated nerve-fibres, which 
are embedded in the connective tissue within the funiculus (endoneurium). The fat-cells and the nerve- 
fibres are darkly stained by the osmic acid, but the connective tissue of the nerve is less stained. 

blood-vessels which are distributed to the ner\e. But, besides the interposed areolar 
tissue which connects these smallest cords, each funiculus has a special sheath of its 
own, as will be immediately noticed. 

The conmion sheath (fig. 379, ep) and its sub-divisions consist of connective 
tissue with the usual white and elastic constituent fibres of that texture, the latter 
being present in considerable proportion : frequently also a little fat is to be found. 
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This common sheath has received the name of epineurium (Key and Retzias) ; it 
was formerly termed the " cellular sheath," 

The special sheath of a funiculus, termed the perineurium ^ (fig. 879, per^ 
380, P.), is also formed of connective tissue, but is far more distinctly of a lamellar 
nature, and indeed may be stripped off in the form of a tube from the little bundle 
ol nerve-fibres of which Llit^ hniicuhis coiisistF. The periueuriunj i^ not formed of 
a single lamella but of several, which are sepanilied from one another by inter- 




Fig. 380. — Part o? a section op okb op thk funiculi op thk boiAXic nkrvk op mah. 
Maonifikd (after Key and ReUiuk). 

P, perincuriuni, consisting of a number of closely arranged lamelUe. En^^ processes from^ the 
perineurium, passing into the interior of the funiculus, and becoming continuous with the endoneurium, 
or delicate connective tissue between the nerve-fibres. The connective tissue fibrils of the endoneurium 
are seen cut across as fine points, often appearing to ensheath the nerverfibres with a cii-cle of minute 
dots (fibril-sheath of Key and Retasius). Numerous nuclei of connective tisboc^Us are imbedded in the 
endoneurium ; v, section of a blood-vessel. \ 

lamellar clefls moistened with lymph. The separation is not everywhere complete, 
for here and there bundles pass across, connecting the several lamellae. Moreover, 
the outermost lamella is joined by connective tissue bundles and laminae of the 

Fig. 381. — A PORTION OK a small nkrvk-trunk from thb thorax 

OF A MOUSE, TRKATBD WITH NITRATR OF SILYKR (Ranvier). 

Magnified. 

Cross markings are seen at the nodes, and the layer of flattened 
epithelioid cells which covers the surface is brought into view by 
the silver dejxwit. 

epineurium, and the innermost gives oflP flattened pro- 
longations (fig. 379, md,\ to form imperfect septa 
between the groups of nerve-fibres within the funi- 
culus. 

Although the lamellae of the perineurium are very 
thin, each is formed of at least three strata. Thus 
the main substance of the lamella is composed of a 
connective tissue, in which both white fibres and 
elastic elements are found, the white fibres having for 
the most part a transverse disposition. The elastic 
elements lie in greater abundance nearer the surfaces 

of the lamella, and often occur in the form of patches or incomplete membranes of 
elastic substance (fig. 282, p. 240), as well as in the form of fine network of 
fibres. On both its surfaces each lamella is entirely covered with a layer of delicate 
flattened endothelial cells, which tlms serve also to bound the clefts between the 
lamellae. The outlines of the cells are brought into view by .the silver treatment 
(% 381). 

The funiculi of a nerve, although not all of one size, are all sufficiently large to 




^ Formerly known as the nsurilemmi. 
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be readily seen with the naked eye, and easily dissected out from each other. In a 
nerve so dissected into its component funiculi, it is seen that these do not run along 
the nerve as parallel insulated cords, but join together obliquely at short distances 
ns they proceed in their course, the cords resulting from such union dividing in 
their further progress to form junctions again with collateral cords ; so that in fitct 
the funiculi composing a single nerv.ous trunk have an arrangement with respect 
to each other similar to that which is found to hold in a plexus formed by the 
branches of different nerves. It must be distinctly understood, however, that in 
these communications the medullated nerve-fibres do not join together or coalesce. 
They pass oflF from one nervous cord to enter another, with whose fibres they become 
intermixed, and part of them thus intermixed may again pass ofP to a third funiculus, 
or go through a series of funiculi and undergo still further intermixture ; but 
throughout all these successive associations the fibres remain individually distinct, 
like the threads in a rope. 

The nerve-fibres are separated from one another, and supported within the 
funiculus by delicate connective tissue, the fibrils of which inin for the most part 
longitudinally, appearing in section as fine points (fig. 880). This tissue has been 
distinguished as the endoneurium by Key and Betzius. It is continuous with the 
septa which pass in as above mentioned from the innermost lamella of the 
perineurium, and it serves to support also the capillary blood-vessels which are 
distributed to the nerve. 

Lying alongside each other, the fibres of a funiculus form a little skein or 
bundle, which runs in a waving or serpentine manner within its sheath ; and the 
alternate lights and shadows caused by the successive bendings being seen through 
the sheath, give rise to the appearance of alternate light and dark cross stripes on 
the funiculi, or even on larger cords consisting of several funiculi. On stretching 
the nerve, the fibres are straightened aud the striped appearance is lost. Both the 
perineurium and endoneurium accompany the nerves in all their divisions, in some 
cases as far as their peripheral terminations. In the finest branches the perineurium 
generally becomes reduced to a single connective tissue lamella, covered on both 
surfaces by endothelial cells. In this condition it is known as the sheath of HmU. 

Both the cerebro-spinal and the sympathetic nerve-trunks are constructed in the 
manner above described, but the fibres of the cerebro-spinal nerves are chiefly of 
the white or medullated kind, and contain for the most part fibres of large size, while 
in nerves belonging to the sympathetic system non-meduUated fibres or medullated 
fibres of very small size greatly preponderate. But very few nerves are composed 
exclusively of one or the other kind of fibre. 

Vessels and Lymphatics. — The blood-vessels of a nerve after dividing into 
small branches in the epineurium and giving offsets to the groups of fat-vesicles 
which are there met with, pierce the layers of the perineurium obliquely, being 
supported by the connective tissue bundles which unite the lamellae, and conducted 
into the interior of the funiculus along the septa before mentioned. Here they 
break up into fine capillaries which for the most part run parallel with the fibres, 
but are connected at intervals by short transverse branches, thus forming a network 
with long narrow meshes. Some of the capillaries may be observed to form loops. 
Lymphatic vessels are found in the epineurium, but within the funiculi there are no 
distinct vessels for the conveyance of lymph. It is found, however, that coloured 
fluid which is injected by means of a fine cannula into the interior of a friniculns 
finds its way into the lymphatics of the sheath after passing through the clefts 
between the lamellae of the perineurium, so that undoubtedly a connection exists 
between these perineural clefts and the lymphatic system. 

Course of tlie nerve-fibres in the nerve-trunks. — ^Neither in their course 
along the nervous cords, nor in the white part of the nerve-centres, do the 
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medullated fibres anastomose together, nor are they observed except in rare 
instances to divide into branches until they approach their termination. Bat the 
nerve-trunks themselves continually ramify, and the branches of different nerves 
not unfreqnently join with one another. The branches are of course formed by 
collections of nerve-fibres, and it follows therefore that when two branches of nerves 
join, fibres pass from the one nerve-trunk to become associated with the other in 
their further progress, or the communication may be reciprocal, so that after the 
junction each nerve-trunk contains fibres derived from two originally distinct 
sources. In other cases the branches of a nerve, or branches derived from two or 
from several different nerves, are connected in a more complicated manner, and form 
what is termed a plexus. In plexuses — of which the one named " brachial " or 
"axillary," formed by the great nerves of the arm, and the " lumbar" and " sacral," 
formed by those of the lower limb and pelvis, are appropriate examples — the nerves 
or their branches join and divide again and again, interchanging and inteimixing 
their fibres so thoroughly that, by the time a branch leaves the plexus it may con- 
tain fibres from several or even from all the nerves entering the plexus. Still, as in 
the more simple communications already spoken of, the fibres, so far as is known, 
remain individually distinct throughout. 

In Bome instances of nervons oonjunctions certain collections of fibres, after passing from 
one nerve to another, take a retrogrrade course in that second nerve, and, in place of being dis- 
tributed peripheraUy with its branches, turn back to its root towards the oerebro-spinal centre. 
Instances of this occur, according to Volkmann, in the connection between the second and 
third cervical nerves of the cat, in that of the fourth cranial nerve with the first branch of the 
fifth, and of the cervical nerves with the spinal accessory and the descending branch of the 
hypoglossaL 

Origins or roots of the nerves. — The cerebro-spinal nerves, as already said, 
are connected by one extremity to the brain or to the spinal cord, and this central 
extremity of a nerve is, in the language of anatomy, named its origin or root. In 

Fig. 882. — Roots of one of the spinal 

NERVSS ISSUING FROX THE SPINAL 

CORD. (Allen Thomson.) 

A, from before ; B, from the side ; 
C, from above ; D, the roots separated ; 
5, 5, anterior root ; 6, 6, posterior root 
with ganglion, 6'. The full description 
of this figure will be found in the chapter 
on the cerebro-spinal nervous axis. 

some cases the root is single, that 

is, the funiculi or fibres by which 

the nerve arises, are all attached 

at one spot or along one line or 

tract ; in other nerves, on the 

contrary, they form two or more 

separate collections, which arise 

apart from each other and are 

connected with different parts of 

the nervous centre, and such 

nerves are accordingly said to 

have two or more origins or roots. 
/ In the latter case, moreover, the 

different roots of a nerve may differ not only in their anatomical characters and 

connections, but also in function, as is well exemplified in the spinal nerv^es, f;ach 

of which arises by two roots, an anterior and a posterior— the former containing 
I the efferent fibres of the nerve, the latter the afferent. 
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The fibres of a nerve may be traced to some depth in the substance of the brain 
or spinal cord^ and hence the term '* apparent or superficial origin ' has been 
employed to denote the place where the root of a nerve is attached to the surface, in 
order to distinguish it from the " real or deep origin " which is beneath the surface 
and concealed from view. If the deep origin be traced out, it will usually be found 
that the nerve-fibres arise from portions of the grey substance of the nerve-centre : 
such a portion of grey substance is termed the " nucleus of origin " of the nerve. 

In the case of the efferent nerves it would appear that the individual nerve-fibres 
originate as prolongatioos of the nerve-cells in the grey substance. In fact, as the 
researches of His have shown, these nerve-fibres have grown out from the nerve-cells 
(neuroblasts) within the embryonic nerve-centre (see Embryology, Development of 




Fig. 383. — ^Transvkrsb skction of the spinal cord op a ohiok on the 9th day of incubation, 
PREPARED BY QOLOi's METHOD (Ram6n y Cajai). 

A. Axis-cjlinders of anterior root-fibres issuing from large cells of the anterior cornu, C. 

B. Posterior root-fibres passing from the bi-polar cells of the spinal ganglion, £, into the posterior 
column of the spinal cord (D), where they bifurcate (d) and become longitudinal. 

Cf f, g, coUateral branches from these fibres, passing into the grey matter. 

Nerves). In the case of afferent nerves it seems to be clear that these in most if not 
all cases have grown into the nerve-centre from the cells of the ganglia, or from nerve- 
cells in the peripheral organs of special sense. Having entered the nerve-centre (fig. 
883, D) the afferent fibres appear usually to bifurcate — at least this is the case with 
the fibres of the posterior spinal roots — and the two resulting branches become 
longitudinal, sending off lateral ramuscles (^,/, g) into the grey matter, in which they 
appear to break up into fine ramifications, without being directly continuous with 
nerve-cells of the grey substance. 

In the nerve-roots the fibres are bound up together, as they pass towards the 
foramina of exit from the cranio- vertebral canal, by a stout external sheath continuous 
with the pia mater and receiving an accession from the arachnoid and dura mater as 
the roots pass through those membranes. This sheath sends in strong septa which 
branch and unite with one another in the nerve-root, and thus divide it up irregu- 
larly into bundles of fibres, which have not the same cylindrical character, with 
special lamellated sheaths of perineurium, as the funiculi of the peripheral nerves, 
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but are supported by a kind of framework formed by the dividing septa above 
mentioned. Only after passing the ganglia do the nerves acquire a true ftinicu- 
lated structure such as has been described for the peripheral nerves. The optic 
nerve has throughout its whole course the structure of a nerve-root. 

The cerebro-spinal nerve-trunks and their branches always present a brilliant 
whitish aspect, whereas the sympathetic nerves vary in appearance, some being 
whiter, others grey or reddish in colour. The more grey-looking branches or bundles 
consist of a large number of the pale fibres mixed with a few of the meduDated 
kind ; the whiter cords, on the other hand, contain a proportionally large amount of 
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Pig. 384. — Skotiohs across parts of thb roots of various hkrvks of the doo, to show th« 

VARIATIONS IN SIZS OF THKIR CONSTITUKNT FIBRKS (Gaakell). 

The nerves were stained with osmic acid, and the sections are all drawn to one scale. 

A, from one of the upper roots of the spinal accessory. 

B, a rootlet of the hypoglossal. 

C, from the 1st cervical anterior root. 

D, from the 2nd thoracic anterior root. 

fine medullated fibres, and fewer of the grey ; and in some parts of the nerve grey 
fasciculi and white fasciculi, respectively constituted as above described, run along- 
side of each other in the same cords for a considerable space without mixing. This 
arrangement may be seen in some of the branches of communication with the spinal 
nerves, in the trunk or cord which connects together the principal chain of sympa- 
thetic ganglia, and in the primary branches proceeding thence to the viscera. 
In the last-mentioned case the different fasciculi get more mixed as they advance. 
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hut generally it is only after the white &8ciculi have passed through one or more 
ganglia that thej become thoroughly blended with the grey ; and then, too, the 
nervous cords receive a large accession of grey fibres, while the white fibres are 
reduced in number. 

DiflTerences are observed among the cerebro-spinal nerves in the proportionate 
amount of the two kinds of fibres which they respectively contain, and in the size 
of their white fibres. Volkmann and Bidder showed that nerves going to voluntary 
muscles have very few small fibres, those going to the integuments a large propor- 
tion of small fibres, whereas those distributed to involuntary muscles and to the 
viscera have many more small fibres than large. The circumstances infiuencing 
these variations were not, however, understood until it was shown by Gaskell that 
the very fine medullated fibres pass out from the cerebro-spinal axis in certain 
regions only, and are distributed exclusively to the viscera and blood-vessels, for the 
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Fig. 885. — Sectioh of a-whiti ramcs comhunicahs from the doo (GaBkell). 

The Beetion is drawn to the tame scale as those shown in fig. 382, and the nerve-fibres ai« stained 
by osmic acid. 

most part through the sympathetic system, but partly directly through the cerebro- 
spinal nerves. In the cranio-cervical region these small fibres pass out with the 
upper roots of the spinal accessoiy nerve and partly perhaps with those of the vagus, 
glosso-pharyngeal and focial ; in the thoracico-lumbar region with the anterior 
roots of the nerves from the second thoracic to the second lumbar inclusive, and in 
the sacral region with the anterior roots of the second, third, and perhaps the 
fourth sacral nerves. 

These fine medullated fibres form the only true communication between the 
cerebro-spinal centre and the sympathetic, and, in fact, those of the dorso-lumbar 
outfiow give origin to the main sympathetic system. Passing to the nearer 
ganglia of the sympathetic, many of them lose their medullary sheath on joining 
with the cells of those ganglia, and are continued as pale fibres » others 
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pass through the nearer ganglia without joining the nerve-cells and are continued 
towards their peripheral distribution as fine medullated fibres, but lose their 
medullary sheath in passing through distal ganglia of the sympathetic system. 
It has further been shown by Oaskell that there is a functional difference 
between these two kinds of fibres, those at least which are distributed to the 
bloodvessels, for whereas the fibres which early lose their medullary sheath produce 
increased contraction of the muscular coat, the others produce diminished contraction 
or inhibition. Amongst the nerves stimulation of which produces inhibition of con- 
traction, that which has been longest known is the cervical part of the vagus which 
sends branches to the cardiac plexus, and to the heart. This nerve is found to 
contain a large number of fine medullated fibres, which for the most part reach it 
from the upper roots of the spinal accessory. 

The proportion of fine medullated nerve-fibres which the roots of the cerebro- 
spinal nerves contain may be taken as a direct indication of the extent to which 
they feed the sympathetic system. This is at least true for the region of the thoracic 
outflow of vascular and visceral nerves. All the anterior roots in this region con- 
tain a large number of fine medullated fibres which leave the root in a bundle and 
pass directly to the sympathetic chain forming the white ramus communicant (fig. 885) 
between the spinal root and the sympathetic (Gaskell has shown that the so-called 
*' grey ramus communicans ^* is in all cases merely a branch from the sympathetic to 
the bloodvessels of the spinal cord and of the nerve-roots). A section therefore through 
one of these anterior roots taken before the white ramus leaves it shows a large number 
of fine medullated fibres intermingled with the ordinary large fibres of the root, 
and contrasts forcibly with a section across one of the anterior roots of other regions 
where there is no sympathetic outflow, and, therefore, no white ramus communi- 
cans, and few, if any, fine medullated fibres. (Compare fig. 884, C and D.) 

The bearing of these facts upon the morphology of the cerebro-spinal nerves and 
of the sympathetic will be dealt with in the part of this work which treats of the 
anatomy of the nervous system (Neurology). 

OONBTBUOTION OF THE GANGXiZA. 

Sitnation. — Ganglia are found in the following situations — viz. : 1. On the 
posterior root of each of the spinal nerves ; on the corresponding root of the fifth 
cranial nerve ; on the facial* auditory, glosso-phaiyngeal and pneumogastrio nerves. 
2. In a series along each side of the vertebral column, connected by nervohs cords, 
and constituting what is known as the trunk of the sydipathetic. 8. On bi'anches of 
nerves, especially of the sympathetic ; occurring numerously in the abdomen, thorax, 
necky and head ; generally in the midst of plexuses, or at the point of union of two or 
more branches. Those which are found in several of the fossae of the cranium and 
face are for the most part placed at the junction of fine branches of the sympathetic 
with branches, usually larger, of the cerebro-spinal nerves. 

The roots of oertain of the cranial nerves, which do not exhibit tme ganglia, such as the 
3nl and 6th, have been shown by Thomsen and by Gaskell to possess what appear to be the 
remains of atrophied ganglion cells in the form of masses of granular material lying between 
the nerve-fibres, and devoid of all ceUular structure. According to Hale White some of the 
sympathetic ganglia in man also show signs of atrophy of many of their cells in the adult. 

The ganglia difier widely from each other in figure and size : most of those which 
have been longest known to anatomists are conspicuous objects ; but there are 
numerous small or microscopic ganglia disposed along the branches of nerves 
distributed to the heart, the lungs, and other viscera ; and also connected with fine 
plexuses of nerves between the coats of the stomach and intestines. 

Stmctnre. — Ganglia are invested externally with a thin, but firm and closely 
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adherent covering of connective tissue : this outward covering sends processes 
inwards- through the interior. A section carried through a ganglion in the direction 
of the nervous cords connected with it, discloses collections of nerve-cells, between 
which the nerve-fibres pass (fig. 386). Each cell is inclosed in a transparent capsule 
with nuclei upon its inner surface (figs. 3GG, 867) ; these capsules are continuous 
with the primitive sheaths of the nenes (M. Schultze). 

Of the relation between the nerve-fibres in a ganglion and the ganglion-cells, it 
is probable that some fibres may pass through without being connected with the 
cells, but that every ner\^e-cell is connected with a fibre or with fibres. In the case 




Fig. 386. — LONOITUDINAL SECTION THROUGH THK MIDDLE OF ▲ OAKQLION ON THE POSTERIOR ROOT OF 
ONE OF THE SACRAL NERVES OF THE DOO, AS SEEN UNDER A LOW MAQNIFYINO POWER. (B. A S.) 

a. Nerve-root entering the ganglion ; 6, fibres leaving the ganglion to join the mixed spinal nerve ; 
c, connective tissue coat of the ganglion ; <£, principal group of nerve-cells, with fibres passing down from 
amongst the cells, probably to unite with the longitudinally coursing nerve-fibres by T-shaped junctions 
(see text). 

of multi-polar cells, such as are found in the sympathetic ganglia (fig. 867), each of 
the branches of the cell is in all probability continuous with a nerve-fibre, and the 
same is certainly the case with bipolar cells, at least those in w^hich the two poles are 
prolonged from opposite extremities of the cell as in the spinal ganglia of fish (fig. 
370), as well as in the pyriform cells before noticed (see p. 318) in which two 
processes arise from a part of the cell near one another, and are continued in 




Fig. 387.— Bipolar cell from spinal qakolioh of a 4) weeks* human bmbrto (His). 

opposite directions, either at once, or after the one fibre has made two or more 
spiral coils around the other or straight fibre. Uni-polar cells are found in the 
spinal ganglia of the higher vertebrates (fig. 366). In them the single nerve-fibre 
process is observed to divide before long into two fibres (^, which traced far enough 
are found to pass in opposite directions toward the ends of the ganglion. Some- 
times the branches are of equal size, but they are often unequal, one being decidedly 
smaller than the other. As in all cases of a division of a medullated nerve-fibre, 
the bifurcation takes place at a node of Ranvier, and this may be the first node 
from the cell, or the nerve-fibre may pass two or three or more nodes before thus 
dividing. The cell-process, which usually acquires its medullary sheath very soon 
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after leaving the cell, is often convoluted over the surface of or around the cell ; 
this is especially the case in the human spinal ganglia. Its bifurcation, or in other 
words its junction with a nerve-fibre traversing the ganglion is often T-shaped. 

These T-shaped divisions were first noticed by Ranvier. They have been found 
by Retzius in the spinal ganglia of all classes of vertebrates above fishes — where the 
cells are bipolar like that shown in fig. 370 ; and also in man, in the spinal ganglia, 
in the jugular and cervical ganglia of the vagus, the geniculate ganglion of the 
facial and the Gasserian ganglion of the trigeminal ; but not in the otic, the spheno- 
palatine, the sub-maxillary and the ciliary ganglion, the cells of all of which are 
multi-polar, and hence resemble those which are found in the sympathetic. 

Cells which are transitional in character between the bipolar cells of most fishes 
and the unipolar cells with forked process of the higher vertebrates, occur, as Freud 
has shown, in Petromyzon, in which, in addition to the ordinary bipolar cells, some 
of the cells have their two processes coming oflf quite close to one another, and 
others are unipolar with a short single process which soon bifurcates to form two 
ner^'e-fibres passing in opposite directions. 

In the embryo the cells of the spinal ganglia are at first spindle-shaped and 
bipolar (fig. 383. h, f, fig. 387), with one process growing into the spinal cord and 
the other into the peripheral nerve. Gradually the processes approach one another 
and eventually come off from the cell by a common stalk (His). 



Termination, or Peripheral Distribution, of Nerves. 
It may be stated, generally, and apart from what may apply to special modes of 
termination, that, in approaching their final distribution, the fibres, medullated and 




Fig. 888. — SlCALL BRAKOH OF A HUSCULAR HXRVB OF THK FROO, HEAR ITS TSRHIRATION, SHOWING 
Divisions or THB FIBRES. MAOlliriBD 850 DIAMBTBRS (Kollikor). 

a, into two ; 6, into three. 

non-medullated, usually divide into branches, the division in the case of medullated 
fibres always occurring in the situation of a node of Ranvier (fig. 388). The axis 
cylinder participates in the division ; and since the white fibres frequently lose their 
medullary sheath shortly before they terminate, they are then represented by the 
axis-cylinder and its ramifications, although the primitive sheath may continue some 
little way along the branches after the medullary sheath has ceased. By repeated 
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division the fibres usually become smaller ; but whilst some of the resulting small 
fibres may be simple, many are really bundles of fine fibrils. 

These pale fibres bear nuclei, which probably appertain to the prolongation of 
the primitive sheath ; the nuclei are common at the bifurcations of the fibres, where 
they are of a triangular or irregular shape. The original dark-bordered fibres which 
thus undergo division and change, or which may proceed singly to end in a different 
and special manner, are commonly provided with a tolerably strong connective tissue 
sheath with nuclei, which, as it stands well apart from the dark borders of the fibre, 
is very conspicuous (sheath of Henle). This is derived from the perineurium which 
incloses the funiculi of the nerve-trunks, and, as these part into smaller collections 
and single fibres, undergoes a coiTesponding division, and finally sends sheaths along 
single fibres. Within the sheath of Henle fine longitudinal connective tissue fibres, 
with interspersed corpuscles, are seen surrounding the nerve-fibre or fibres. This 
tissue is a prolongation of the endoneurium. 

In further treating of the termination of nerves, it will be convenient to consider 
the sensory andmotor nerves separately. 

TSBMINATION OF BXNSOBY N3SBVX& 

The sensory or afferent nerves end either in cells or in free nerve-endings, which 
may be simple or plexiform, and may be enclosed by cells or have an independent 
distribution. Of the sensory nerves which terminate in cells, the best recognised 
are those which are found in the organs of special sense. But these nerves may 
perhaps be regarded as taking origin in the sense-organ rather than ending in it, 
for if their development is studied it would appear, at least in the case of the 
olfactory and visual organs, that the nerve-fibres grow from the sense-organ towards 
the central nervous system and not centrifugally, as is the case with most other 
nerve-fibres. Their mode of connexion with the cellular elements of the special 
sense-organs will be studied most conveniently when those organs are themselves 
treated of. 

Of the ordinary sensory nerves, including those which are devoted to the 
perception of tactile sensations, some end in ramifications of the axis cylinder, 
which resolves itself eventually into its ultimate fibrils, and thus penetrates 
between the epithelium-cells which cover the sensory surface, whilst others 
terminate in special organs, of which the best known are the iactUe corpuscles, 
simple and compound end-bulbs, the corpuscles of Grandry, which occur in birds, the 
round end-bulbs of the human conjunctiva, cylindrical end-bulbs, corpuscles of 
fferbst, also occurring in birds, and the corpuscles of Vater or Pacinian bodies. 









Fig. 389. — A. Two taotilb cells in the deeper pabt of tj^ huh an epiderhis. (Merkel.) 

B. Ending op nerves in tactile disks in the fla's snqVsk (Ranvier.) 
n, nerve-fibre ; tn, ienDinal menisci or tactile disks ; e, ordinary epitheliam-cell ; a, altered epi* 
thelium ceU, to which the.meniscus is applied. 
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Tactile oella (Merkel). Tactile cells, isolated or in groups, but in the latter case not 
collected together to form a tactile end-organ, were described by Merkel as occurring in the 
deeper layers of the epidermis and sometimes in the subjacent true skin over almost the whole 
- of the body (fig. 389 A). In animals they are especially numerous in parts of the skin which are 
devoid of hairs, as in that which covers the soles of the feet, and on the snout, as well as 
amongst the epithelium-cells of the hard palate. The cells in question are round or pjrriform 
in shape, and prolonged at one part into the axis-cylinder of a nerve-fibre : in cases where the 
axis-cylinder is ramified, it may be connected with more than one of these cells. Each cell is 
stated to be inclosed by a cell-membrane which is continuous with a prolongation of the 
primitiTe sheath of the nerve-fibres. When the tactile cells occur in the superficial layers of 
the cutis vera instead of amongst the cells of the epidermis they are found to be enclosed in a 
capsule of connective tissue, which is pierced by the axis-cylinder of the nerve-fibre as this 
passes to apply itself to one of the surfaces of the usually flattened cell. Such a cell, inclosed 
in a capsule and forming the termination of a nerve-fibre, represents, according to Merkel, the 
tactile end-organ in its simplest form. The existence of tactile cells such as are described by 
Merkel is, however, not generally admitted by histologists, but Ranvier has described and 
figured a mode of termination which is somewhat like that described by Merkel with the 
exception that the nerve-fibres do not pass directly into the cells, but come into connexion with 
them through the medium of concavo-convex expansions, to which he has given the name of 
tactile dhlut or menuci (fig. 389 B). Haycraft states that in the carapace of the tortoise the 
nerves end in the nuclei of some of the deeper cells of the epidermis. 

Tactile corpiucles or touch-bodies (corpiiscula tactHs) — (figs. 390 to 393). 
These were discovered by R. Wagner and Meissner in the papillae of the skin of 
the hand and foot, where they are of an oval shape, nearly -^jj of an inch long and 
•^ of an inch thick. They may be found in the skin of all parts of the hand and 
foot, including the bed of the nails, that of the volar surface of the forearm, in the 

Fig. 890. — SxcTioN OF skin showing 

TWO PAPILLS AND DEEPER LAYERS 

OF EPIDERMIS. (Biesiadccki.) 

a, Tascular papilla with capillary loop 
passing from subjacent vessel, c ; b, 
nenre-papiUa with tactile corpuscle, t. 
The latter exhibits transverse fibrous 
oiarkings : three nerve-fibres, d, ore re- 
presented as passing up to it: at // 
these are seen in optical section. 

skin of the nipple in both sexes, 
in the conjunctiva at the edge of 
the eyelids, and in the skin of the 
lips and in the mucous membrane 
of the tip of the tongue. Similar 
corpuscles occur in monkeys, but 
have not been found in animals 
lower in the scale. One, two, 
or more medullated nerve-fibres 
run to the corpuscle and either 

at once or after winding round c 

it two or more times, pass into 

its interior and become lost to view. The tactile corpuscles were long de- 
scribed as consisting of a soft structureless core or central part, in which the 
nerve-fibres were thought to terminate by bulbous enlargements, and of an inclosing 
capsule of connective tissue, continuous with the perineurium of the nerve, and 
composed for the most part of transverse or spiral fibres and nuclei, so arranged as 
to give the little body somewhat the aspect of a miniature fir-cone. It would appear 
however that a core, like that of the Pacinian corpuscles to be presently described, 
does not in reality exi^t iQ th66e* corpuscles, but that the main substance of the touch- 
body is composed of connective tissue, prolonged inwards from the capsule in the 
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form of imperfect membranous septa (figs. 302, 398 A), between which are sopported 
the convolutions and ramifications of the nerves, and the enlargements in which the 
branches of the axis-cylinder eventually end (small tactile cells according toMerkel). 
These terminal enlargements, which are either pyriform or globular in shape, are 
always placed near the capsule, and in small tactile corpuscles may occasionally 
project beyonCit. On entering the corpuscle the nerve-fibres for the most part lose 




Fig. 391. — Tactile corpuscle 

WITHIN A PAPILLA OF THE 
SKIN OF THE HAND, STAINED 
WITH CHLORIDE OF OOLD. 
HlQHLT MAGNIFIED. 

(Ranvier.) 

n, n, two nerve-fibres passing 
to the corpuscle ; a, a, terminal, 
raricose ramifications of the axis* 
cylinder within the corpuscle. 






Fig. 392. — Another corpuscle, treated with osiiic acid, seen in longitudinal skctiok. 

(Plemming, from a preparation by Fischer. ) 
1, entering nerve-fibre, medullated ; 2, 2, the same cut variously within the corpuscle ; 3, 3, clear 
spaces around the fibre (perhaps homologous with the core of the cylindrical end bulbs) ; 4, 4, nuclei of 
the transverse and spirally-disposed cells of the corpuscle. 

Fig. 893.— Tactile corpuscles from the palm of the hand, seek in section (Merkcl). 
A, Longitudinal section showing the interior traversed by connective tissue septa derived from the 
capsule ; the nerve-fibres are cut across. B, transverse section at the point of entrance of a nerve-fibre, 
showing the axis-cylinder branching. Other nerve-fibres are cut obliquely. 



their medullary sheath, but some retain it for a short while, or it may reappear here 
and there in the couree of the fibres. The axis-cylinders, which are often varicose, 
have, as before intimated, a convoluted course before ending in their terminal 
enlargements (fig. 391). 

The absence of a central core such as is found in the Pacinian corpuscles, and in some 
end-bulbs, was first pointed out by Lnn^'erhans and afterv^ards by Thin. The latter obsenrer 
stated as the result of his observations, that tactile corpuscles could be divided into simple or 
compound, according as they receive one or a greater number of nerve-fibres ; each nerve-fibre 
passing to one distinct corpuscle, and the larg-er corpuscles being compounded of two or more 
simple ones. On the other hand, even in the same papilla, sevend small corpuscles may occur 
near to but distinct from one another. 
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Snd-bulbs. — If the conjunctiva of the calf or of certain other animals is carefully 
spread out and examined under the microscope, many of the medullated neiTes which 
course in different directions in the membrane may be seen to end in very small 
oval or elongated corpuscles, into the interior of which the axis-cylinder of the 
nerve-fibre passes, surrounded by a soft homogeneous core, to end near the extremity 
of the corpuscle, with a rounded or dilated termination. The core WiiiKits contained 
fibre is inclosed in a simple nucleated capsule composed of flattened ^HiHs. The 
medullary sheath ceases abruptly at the entrance of the nerve, whereas the primitive 
sheath appears to be continued over the core, and to line the capsule. These 




Fig. 394. — Ctlindrigal end-bulbs frox thb conjunctiva of the calf. 

(Merkel.) 
A, in optical longitudinal section ; B, in transverse section ; n, entering 
nerre-fibre ; c, nucleated capsule. 

so-called cylindrical end-bulbs were discovered by W. Krause, and 
they have been found not only in the conjunctiva of different 
mammals, but also forming the most common mode of nerve- 
termination in various parts of the skin and here and there in the 
mucous membrane of the mouth. Terminal corpuscles of this 
exact nature and form, have however hitherto not been observed 
in the conjunctiva of man nor of apes, but their place is here 
supplied by the small spJieroidal end-bulbs of Krause (figs. 395, 896), 
which have also been found in man in the papill® of the skin 
covering the lips, in the mucous membrane of the cheeks, soft 
palate, tongue, epiglottis, nasal cavities, lower end of the rectum, 
and in that of the glans penis and clitoridis. Corpuscles which 
are closely allied to, if not identical with these, are also found in 
the epineurium of nerve trunks, where they constitnte the termi- 
nations of the nervinet-vorum (Horsley). The spheroidal end-bulbs 
(fig. 395, B, c) are composed of a connective tissue capsule (a) in- 
closing a core formed of numbers of polygonal and elongated cells, 
which give the core a granular aspect ; amongst the cells of 
the core the axis-cylinder terminates. Sometimes the small 
medullated fibre which passes to each spheroidal end-bulb, divides into two or more 
branches before reaching the bulb, and the branches may be twisted around one 
another on their passage towards the organ (b). The capsule is continuous with 
the sheath of Henle of the nerve-fibre, and internally it is closely invested with a 
nucleated membrane, prolonged irom the primitive sheath. Like the tactile cor- 
puscles, spheroidal end-bulbs have not been noticed in any animals below monkeys. 




The cylindrical end-bulbs closely resemble the central part or core of a Pacinian body 
divested of aU but its innermost tunic, and, to complete the resemblance, flattened concentri- 
cally arranged ceUs are described by Merkel as forming the core of the end-bulb as weU as that 
of the Pacinian. In short, it would seem as if the little bodies in question represent the 
simplest of the type of terminal corpuscles of which the Pacinian corpuscles are the most com- 
plex examples ; the complexity having been produced in the latter by the multiplication of the 
tunics. In conformity with this view it may be mentioned that corpuscles resembling the Paci- 
nian bodies are frequently found, especially in the lower animals, in which the tunics are few in 
number and the corpuscles correspondingly smaller. On the other hand, the round end-bulbs 
approach more nearly to some of the tactile corpuscles in structure, those, namely, of a simple 
kind, 9uch as are met with in many parts of the integument, and those form a transition to 
the mofe complicated tactile corpuscles which occur in the papillae of the human hand. At 
the same time it cannot be supposed that there is any fundamental difference in the two kinds 
of end-bulb, although the arrangement of the cells in the core and the course taken by the 
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neire-fibre is somewhat different, sioce we see that in different animals those of the one kind 
are replaced by those of the other kind. 

Large end-bulbs of a rouDcled oval form have been found in the synovial 
membrane of certain joints in man (e^., those of the fingers), and also in the 
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Fig. 895. —End-bulbs wioii the buhan conjuhctiva. (Longworth.) 

A, RamiBcation of nerTe- fibres in the mucous membrane, and their termination in end-bulbs, as 
seen with a lens ; B, an end-bulb moi*e highly magnified ; a, nucleated capsule ; 5, core, the outlines of 
its component cells are not seen ; c, entering fibre branching and its two divisions passing to terminate 
in the core at d ; C, an end-bulb treated with osmic acid, showing the cells of the core better than B ; 
a, the entering nenre-fibre ; 6, capsule with nuclei ; c, c, portions of the nerve-fibre within the end-bulb, 
the ending of the fibre is not seen ; cf, f, cells of the core. 



articular synovial membranes of several mammals. They are somewhat flattened, 
have a large granular core beset with nuclei, and receive from one to fourmedullated 
nerve-fibres, which terminate within them in fine convoluted and ramified non- 
medullated filaments (fig. 807). They are distinguished by the name of articular 
nerve-corpuscles or articular end-lulhs. 

What appear to be a modification of end-bulbs were discovered by W. Krause in 
certain parts of the external generative organs, both in the male and female 
(especially the glans penis and clitoridis), and were named by him genital corpuscles. 
These corpuscles are constructed generally like the end-bulbs, hut are characteristically 
constricted or subdivided by connective tissue septa into irom two to six knob-like 
portions, which gives the whole corpuscle a mulberry-like aspect. From one to four 
medullated fibres enter the genital corpuscle, and their axis-cylinders usually break up 
within it into a large number of fine pale terminal fibres. Their size varies greatly, 
some of them being no larger than ordinary end-bulbs, others several times as large. 
In the simplest of these structures the axis-cylinder of the nerve-fibre entering at 
one pole of the somewhat oval corpuscle (fig. 398) may either pass straight or with 
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one or two bendings throngh the corpuscle, and end by a tapering (A) or by a dilated 
extremity (B) near the opposite pole (often projecting beyond the general body of 
the organ, as in B); or it may be much convoluted and ramified in its passage, 





Fig. 396. — Ekd-bulb or tbe human cohjurotiva, tkkatbd with 3 p.o. acbtio aoid and 1 p.o. 

08MI0 ACID. *f. (W. Kntuse.) 

Fig. 397. — Articular cobpusolk from phalangeal joint in man. Aortic acid preparation. 

(W. Kntusc) *i« 
n, two medallated nerve-fibres entering the corpuscle. 

BO as to render it a matter of difficulty to trace its course and mode of termination 
(fig. 898 C). The arrangement of the cells in these corpuscles seems to vary con- 
siderably. Sometimes they are chiefly collected at the exterior, leaving the part 






Fig. 398.— A and B, Genital corpuscles from the clitoris op the rabbit (Izquierdo) ; C, from 

the human clitoris (W. Kmase). 

traversed by the axis-cylinder free from cells and of an obscurely fibrous appearance, 
concentrically striated in transverse section (G. Retzius); but in others there is an 
agglomeration of cells in the centre, as in the spheroidal end-bulbs of the human 
conjunctiva ; this is, however, denied by Retzius. 
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Tactile end-orffana of birda. — On account of the light which they throw upon the stroc- 
ture of the end-bulbs of mammalfi, a short description of the tactile end-organs of birds may 
be given here. 

It was noticed by Grandry that in the soft skin covering the bill of certain birds, such as 
the duck and goose, a peculiar form of end-organ exists consisting of two or more flattened 
cells, inclosed in a common capsule of connective tissue, and receiving between them the 
termination of the axis-cylinder (fig. 399). The structures in question have since been investi- 
gated by several observers with the following results : — 

The cells which form the corpuscle of Grandry are for the most part of no great thickness, 
and the surfaces which are opposed to one another are flattened. Their protoplasm is stated 
by Merkel to resemble that of nerve-cells, having a striated aspect, the striae being partly con- 
centric with the x>eriphery of the cell, partly passing radially through it. The nucleus has 
also been compared to that of a ganglion-celL There may be two only of these cells (which 
are termed by Merkel " tactile cells," by others " protective or inclosing cells ") in a corpuscle 
of Grandry, or there may be three or four or even more, piled the one on the other. When 
numerous they may lose their regnil&rity of arrangement. Occupying the interval between every 
two cells is a flattened disk termed the " tactile disk," and according to the testimony of all 
observers the axis-cylinder of the entering nerve-flbre ends in these tactile disks. According to 
Merkel, the disk is itself, on the other hand, directly in continuity with one or both of the 
cells between which it lies, but this continuity is not generally admitted. The tactile cells and 
disks are all inclosed in a common capsule or sheath of connective tissue continuous with the 
perineurium of the nerve and receiving also a lining from the nucleated sheath of Schwann. 
From the capsule incomplete septa pass inwards between the flattened cells, as far as the edges 
of the tactile disks, so that the septa look as if they were perforated to receive the disks. 
Usually a single nerve-fibre passes to each corpuscle, and this may either lose its medullary 
sheath on entering the corpuscle or may retain it for some part of its course, although it events 
ually, in any case, becomes lost. The axis-cylinder, passing between the capsule and the tactile 
cells, divides into as many branches as there are tactile disks, in which, as already mentioned, 
it finally terminates. 

It will appear from the above account that the chief point in which there is a difference of 
opinion with regard to the structure of the simply constructed taotUe corpuscles, is as to the 
expansion of the axis-cylinder known as the tactile disk, whether this is prolonged or not into 
the cells which cover it. The former view is taken, as we have seen, by Merkel, but the 
opinions of most other observers are adverse to it. There is, however, this to be said in favour 
of Merkel's view, namely, that when degeneration takes place as a result of the section of the 
nerve, the degenerative process extends not only to the tactile disk but also to the cells which 
cover it. 

These corpuscles appear to be developed as a result of the multiplication and down-growth 
of some of the epithelium-cells which lie at the apex of a papilla (fig. 399, c). The growth be- 

Fig. 399. — Tactile corpuscles 

FROM THB duck's TONGUE. 

^^^^^^ P (Izquierdo.) 

^^^^^^^k ^^^JB^ff^^ ^^ A, composed of three cells, 

i^^^^^^^r BJ^BB ^iH ^^H ^tb two interposed disks, into 

j»^'"^ ■■ "^' f ' W^^^P^P 1^ JUL^ which the axis-cylinder of the 

V|^^^;r ' ^^^^^^r ^^^fl^Bj^ e nerve, n, is observed to pass ; is 

,,^^gj^^^^^ jM^jg^^ -^^SRSr^m ^ there is but one tactile disk 

^^^^^fcjB ,,jadl r '"-^?^f^^^ enclosed between two tactile 

^ ■ ""k 1 if^ ' cells ; C illustrates the develop- 

fi ^ ment of a tactile corpuscle like 

the one shown in B ; «, deeper 
cells of the epithelium ooveriiig 
the papillated surface of the tongue ; p, apex of a papilla, in which there is seen to be a downgrowth of 
epithelium -cells, the lowermost of which are developed into tactile cells. 

comes entirely cut off from the rest of the epithelium and surrounded by connective tissue, 
whilst the cells within it are converted into the flattened " tactile cells,** and a prolongation 
of a nerve-fibre grows up into it. 

Corpuscles of Herbst (fig. 400). —These, which form the principal mode of nerve-termi- 
nation in the bird*8 skin, are in structure similar to large cylindrical end-bulbs. They have a 
core consisting of nucleated cells, which are disposed transversely, and through the middle of 
which the axis-cylinder passes. Their capsule is composed of an outer longitudinal fibrous 
tissue, and an inner layer of strongly-marked fibres of a brownish colour, running trans- 
versely or circularly. They most nearly resemble the innermost part of the Pacinian 
corpuscles, i.e., the core and the innermost lamella. 
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Certoixi corpuscles which are found in the bill of some water-birds, exhibit so obviously a 
transition between the simple corpuscles of Herbst and the complex corpuscles of Pacini 
immediately to be described, that they may be especially mentioned here. These, which are 
sometimes named after the anatomists who first described them, the rarpugcleg of Key and 
Betzius (fig. 401), differ from the corpuscles of Herbst in havinj? a capsule, composed of a 
lar^re number of closely-arranged lamelUs, similar to those of the inner or denser part of the 
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Fig. 400. — Middle part of a Hbrbst corpuscle of the sparrow. Osmio preparatiov. 

(W. Krause.) ^'f . 

A, outer longitudinal fibrous layer ; r, felt work of transverse fibres ; t, core, with two rows of 
nuclei ; t, axis-cylinder. 

Fig. 401. — Kbt-Retzius corpuscle in optical longitudinal section. Bichromate prspabation. 

(W. Krause.) Y- 
A, outer layer ; c, i, concentric lamelhe of capsule ; n, terminal nerve-fibre. 



Pacinian corpuscle, outside which is a single strong layer of longpitudinally disposed fibrous 
tissue. The inner lamellaB are largely composed of circular or transverse fibres, but these lack 
the brownish tint of the fibres of the inner lamella of the Herbst corpuscle, nor do they exhibit 
the intra-lamellar fluid which is characteristic of most of the lamellas of the Pacinian 
corpuscle. 

Corpuscles of Vatar or Pacinian bodies. — In dissecting the nerves of the 
hand and foot, certain small oval bodies like little seeds, are found attached to their 
branches as they pass through the subcutaneous fat on their way to the skin ; and 
it has been ascertained that each of these bodies receives a nervous fibre which 
terminates within it. The objects referred to were described and figured by Vater 
(1741), as attached to the digital nerves, but he did not examine into their struc- 
ture, and his account of them seems not to have attracted much notice. In more 
i*ecent times, their existence was again pointed out by Cruveilhier and other French 
anatomists, as well as by Pacini of Pisa, who appears to be the first writer that 
gave an account of the internal structure of these curious bodies, and clearly demon- 
strated their essential connection with nerve-fibres. The reseai'ches of Pacini were 
followed up by Henle and Kolliker, who named the corpuscles after him ; and the 
Pacinian corpuscles have since been the subject of numerous papers, to which the 
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leader is referred for details regarding their distribution and variations, that cannot 
be conveniently introduced here.i 

The little bodies in question are, as already said, attached in numbers to the 
branches of the nerves of the hand and foot (fig. 402), and here and there one or two 
are found on other cutaneous nerves. They have been discovered also within the 
abdomen on the nerves of the solar plexus, and they are nowhere more distinctly 




Fig. 402. — A NKBYK OF THE MIDDLE FIVOER, WITH PaOINIAH BODIES 

ATTACHED. Natubal SIZE. (After Henle and KoUiker.) 

seen or more conveniently obtained for examination, than in 
the mesentery of the cat, between the layers of which they 
exist abundantly. They have been found on the pudic nerves 
in the penis and clitoris, bulb of the urethra, and other parts, 
on the intercostal nerves, sacral plexus, cutaneous nerves of the 
upper arm and neck, nerves of the nipple and mammary gland, 
and on the infra-orbital nerve. Lastly they have been recog- 
nised on nerves to tendons and ligaments, and more rarely on 
intra-muscular nerves, on the periosteal nerves, and, in con- 
siderable numbers, on the nerves of the joints. In many 
mammals they occur in masses of from 20 to 80 corpuscles 
imbedded in the fat of the ball of the foot and also in the 
interosseous space between the radius and ulna, and between 
the tibia and fibula. They are found in individuals of 
all ages. The figure of these corpuscles is oval, somewhat 
like that of a grain of wheat, — regularly oval in the cat, but mostly curved or 
reniform in man, and sometimes a good deal distorted. Their mean size in the 
adult is from ^th to ^Vth of an inch long, and from ^V^h to ^V^h of an inch broad. 
They have a whitish, opaline aspect : in the cat^s mesentery they are usually more 
transparent, and then a white line may be distinguished in the centre. A slender 
stalk or peduncle attaches the corpuscle to the branch of nerve with which it is 
connected. The peduncle contains a single meduUated nerve-fibre ensheathed in 
perineurium, with connective tissue and one or more fine blood-vessels ; it joins the 
corpuscle at or near one end, and conducts the nerve-fibre into it. The little body 
itself, examined under the microscope, is found to have a distinct lamellar structure 
(fig. 403). It consists, in fact, of numerous concentric membranous tunics 
encasing each other like the coats of an onion. Surrounded by these tunics, and 
occupying a cylindrical space in the middle of the corpuscle, is the core, formed of 
transparent and seemingly homogeneous soft substance, in the midst of which the 
prolongation of the nerve-fibre is contained. The number of tunics is various ; 
from forty to sixty may be coiinted in large corpuscles. Those which are situated 
next to the central or median cavity, and comprehending about half of the entire 
number, are thinner and closer together than the more exterior ones, seeming to 
form a system by themselves, which gives rise to a white streak often distinguish- 
able along the middle of the corpuscles when seen on a dark ground. Outside of 
all, the corpuscle has a coating of ordinary connective tissue. 

The lamellss or tunics correspond veiy closely in structure to the lamelte of the 



1 A complete Ust of papers which had appeared up to 1880 on this subject (and, indeed, not only on 
the Pacinian corpuscles, but on all the several kinds of terminal corpuscles and other sensory nerre- 
endings) will be found in a monograph by Prof. Fr. Merkel, '*Ueber die Endigungen der sensiblen 
Nerren in der Haut der Wirbelthiere." Roatock, 1880. A concise retumS and classification of the 
sensory end- organs, by Prof. W. Krause, wiU be found in the ''Biologisches Centialblatt/'May and June, 
1884. 
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perineiiri<im of a nerve. Each lamella (fig. 404) consists of a connective tissue 
layer formtd both of white fibres, which have mostly a transverse direction and are 
placed near its surfaces (&), and of elastic fibres, which pass in various directions, 
and (with occasional bands of white fibres) stretch across the thickness of the 
lamella from one surface to the other (c). The surfaces of the lamellae are covered 



Pig. 403. — Maonified vtkw 
OP A Pacinian" body prom 

THS cat's MBSBNTBBY. 

(Ranvier.) 

n, stalk with nerve-fibre en- 
cloeed in sheath of Henle passing 
to the corpuscle ; n', its contina- 
ation through the core, m, as a 
X>ale fibre ; a, termination of the 
nerve in the distal end of the 
core. In the corpuscle hei*e 
figured the termination is arbor- 
escent, d, lines separating the 
tunics of the corpuscle, often 
taken for the tunics themselves ; 
y, channel through the tunics, 
traTersed by the nerve-fibre ; c, 
external tunics of the corpuscle. 

with a layer of endothelial 
cells (a), which can be 
brought to view with 
nitrate of silver, and then 
their continuity with the 
similar cells in the perineu- 
rium is made manifest (fig. 
405). The tissue of each 
lamella is lax as compared 
with that of the layers of 
the perineurium, and the 
interstices between the 
fibres are occupied by a 
considerable quantity of 
watery fluid, probably of 
the nature of lymph, and 
containing occasionally 
lymph - corpuscles. This 
fluid in the fresh state 
tends to obscure the deli- 
cate fibres of the lamellae, 
80 that the adjacent layers 
of endothelial cells belong- 
ing to the successive lamellae stand out sharply when the corpuscle is viewed 
in optical section, and were long taken to represent the actual tunics of the 
organ. The layers are not however everywhere in such close juxtaposition, but are 
here and there separated from one another by interlamellar spaces which are occu- 
pied by lymph, and represent the lymphatic clefts between the layers of the peri- 
neurium of a nerve. 

The nerve-fibre, the disposition of which may now be noticed, is conducted 
along the centre of the stalk, enters the corpuscle, and passes straight into the core, 
at the further end of which it terminates. As shown by Pacini, the layers of the 
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perineurium successively become continuous with, or rather expand into tfc tunics 
of the corpuscle. Since, however, in most Pacinian corpuscles there iire many 
more tunics in the coipuscle than layers of the perineural sheath v6ich invests 



Fig. 404.— Diagrammatic repriskktatios 

OF TWO TUKIC8 OF A PaCINIAH COB- 
PU8CLE IN TRAN8VEBSB 8ECTI0K. 

a, a, epithelioid layers ; b, 6, connectiTe 
tissue layer, more condensed near the sur- 
face ; c, open network of fine elastic fibres 
in the substance of the lameUa. 



the entering nerve, it is only a few 
of the tunics which are thus con- 
tinuous ; and it will be generally 
found that it is the outer ones which are so. A certain number of the inner 
tunics are superadded therefore, and when traced towards the nerve-fibres they may 
be seen to end with rounded margins bounding a canal in which the nerv^e-fibre 






Fig. 405. — Paciniak corpuscle from thr mesehtert of the cat ; staihed with nitrate of bilyeb. 
' Maonified. 

The epithelioid cells of the outermost tunic are shown, and thoir continuity, at the pedondei with 
those of the corresponding layer of the perineurium (from a drawing by G. C. Henderson). 

Fig. 406. — Part of Pacinian bodt showing the nerte-fibre entbrino the core. From ak 
osMio ACID preparation. (E. A. S.) 

ms, entering nerve-fibre, the medullary sheath of which is stained darkly, and ends abruptly at the 
core ; p, 8, prolongation of primitive sheath, passing towards the outer part of the core ; c /, axis- 
cylinder passing through the core as the central fibre ; e, some of the inner tunics of the corpuscle, 
enlarged where they abut against the canal through which the nerve-fibre passes ; n, nuclei of the 
tunics ; n', nuclei of the endoneurium, continued by others in the outer part of the core. 



runs. The latter is accompanied by a little endoneural connective tissue which 
generally contains a number of granular cells (fig. 406). 
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The nerve-fibre is single as it runs along the peduncle, unless when the latter 
supports two corpuscles ; it retains the medullary sheath until it reaches the core, 
into which the axis-cylinder alone passes, freed from its primitive and medullary 
sheaths. In its course through the core it is somewhat flattened, and presents the 
appearance either of a pale, finely striated, and very faintly outlined band or stripe, 
or of a darker and more sharply defined narrow line ; differing thus in appearance 
according as its flat side or its edge is turned towards the eye. The contrast in the 
appearance of the flbre before and after entering the core is well exhibited after 
treatment with osmic acid, which stains the medullary sheath deeply, whereas the 
axis-cylinder is far less stained. It sometimes happens that the fibre regains its 
double contour for a short space, and changes again before it terminates ; this is 
especially liable to occur while it passes through a sharp flexure in a crooked core. 
The fibre usuaUy ends by a sort of knob at the further extremity of the core, which 
is here itself somewhat dilated. The knob, often finely granular, appears to be an 
expansion of the axis-cylinder, and is sometimes of considerable size. It may be of 
an irregolar shape with processes branching outwards fix)m the sides, and in such 
cases has been taken to represent a nerve-cell ; but the characteristic nucleus of the 
latter is absent. The ultimate destination of the processes is unknown. The axis- 
cylinder shows the usual longitudinal fibrillation as it passes through the bore, and 
the fibrils become somewhat spread out as they pass into the terminal expansion. 
In many cases the fibre, either immediately before terminating, or in its course 
through the core, divides into branches. In case of division of the fibre, the core 
is generally, but not invariably, divided in a corresponding measure, and the 
inner tunics present a figure in keeping with it. It is worthy of remark, that the 
nerve-fibre in its course along the core runs almost exactly in the axis of the latter, 
and it maintains this position even when passing through the abrupt flexures of an 
irregularly shaped core. It sometimes happens that a fibre passes quite through one 
corpuscle and terminates in a second, resuming its original size and dark outline 
while passiog from the one to the other. A little artery enters the Pacinian 
body along with the nerve, and soon divides into capillary branches, which run up 
between the tunics. They then form loops, and return by a similar route into a vein 
corresponding to the artery : a single capillary usually accompanies the nerve as far 
as the core, and passes some way on the wall of the latter, sometimes with a spiral 
direction (Bowman). Occasionally a vessel enters the corpuscle at the distal end 
and passes towards the core, uniting the tunics in its passage. 

As to the natare of the oore of the Pacinian body, there is considerable difference of 
opinion. That it is not merely an expansion of the medullary sheath of the nerve-fibre, as 
was thought by Engelmann, is shown by its behaviour with staining? fluids, and particularly 
osmic acid (see fig. 406). Moreover in cases where the medullary sheath is prolonged for some 
distance to the core, as oocasionaUy happens, the oontrast between it and the substance which 
surrounds it, is very marked. 

In considering the true nature of the core, it should first be remarked that it is not 
completely homogeneous and structureless, as on superficial examination it seems to be, but 
exhibits at least in its outer part longitudinal striation and nuclei in variable number. In 
transverse section the striation in the outer part of the core is seen to be concentric, and pro- 
duced apparently by flattened nucleated cells, which are so arranged as to inclose the inner 
and more homogeneous portion. At the entrance of the nerve-fibre into the core the nucleated 
cells here spoken of are to all appearance continuous with a layer of cells in the endoneurium 
arouDd the entering nerve-fibre, so that this outer part of the core, at least, might be regarded 
as formed by an expansion of endoneurium. The inner part, on the other hand, that, namely, 
which is in immediate contact with the axis-cylinder, appears structureless. In its behaviour 
towards staining re-agents, it resembles protoplasm, and it is possible that it may represent the 
protoplasmic layer which in young nerves intervenes between the axis-cylinder and the sheath 
of Schwann of a nerve-fibre, and in which the fatty substance of the medullary sheath 
becomes deposited. 

Nothing i>ositive is known concerning the special purpose in the animal economy which 
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these terminations of the nerves are destined to fulfil. It is very probable, however, that the 
series of concentric endothelial membranes with interposed fluid is an arrangrement for con- 
verting the effect of mechanical traction into fluid pressure upon the nerve, so that tension and 
traction of the tissue in which the corpuscle 1b placed, may affect the axis-cylinder in the same 
manner as ordinary pressure. 

Little also is known as to their development, except that when first visible they appear in 
the form of small agglomerations of cells amonjirst which the termination of a nerve-fibre 
becomes lost to view. 

Other modes of ending of sensory nerves. — TnBtead of ending in the special 
terminal corpuscles of different kinds which have been described in the preceding 
pages, many sensory nerves, as before stated, terminate in the form of fine ramifica- 




Fig. 407. — DiSTBIBUTXOH OF HIRVXS IN A PORTION OF TEN CORNEA OF THE RABBIT. (Banvier.) 

The nerves are stained with cUoride of gold, p, larger plexus of non-medullated fibres, made ap of 
nnmeroas fine fibrils ; a, a, smaller fibres derived from them, and themselves giving off still smiUler 
braDches ; h^ varioose fibrils ; t, janctional branches of the larger plexns. 

tions of the axis-cylinder, which pass between the elements of the tissue to which 
the nerves are distributed, and may either simply come in contact with them, or, it 
is believed, may in some cases form an actual connection with the cells. As they 
approach their termination the sensory nerve-fibres, which are generally medullated, 
divide dichotomously again and again, retaining after all the earlier divisions 
both the medullary sheath and the primitive sheath, and being accompanied by 
a prolongation of the sheath of Henle. Lower down this last-named sheath 
becomes lost, and a short distance further on the medullary sheath also dis- 
appears, the nerves being continued as pale fibres enclosed only by the nucleated 
sheath of Schwann. Within this it can distinctly be seen in preparations stained 
with chloride of gold, that the axis-cylinder is made up of fine varicose fibrils 
(fig. 407). At every division of the nerve some of these fibrils pass into each 
branch, and where, as often happens, the branches unite with one another so as to 
form a subterminal plexus, some of the fibrils pass across from one branch to 
another. By the time the terminal ramification is reached many of the branches 
may consist of only one or two ultimate fibrils (Ji). It is generally found that the 
sheath of Schwann has ceased long before this condition is arrived at, although 
nuclei apparently like those of that sheath may often be still seen here and there 
upon the branches, especially at the points of bifurcation. Finally the branches of 
the nerve, thus reduced to the condition of ultimate fibrils, often varicose^ pajss 
between the tissue elements, and may there form an actual network by joining one 
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with another and becoming fused to2:ether at the points of junction, or may end 
either simply or with small knobbed extremities without uniting with other fibrils 
into a nervous network ; or, according to the view of some histologists, may pass 
into the cells of the tissue and thus terminate. 

A "nervous network" is not to be confounded with a "nervous plexus." In the former 
an actual fusion of the ultimate fibrillae which result from the division of the axis-cylinders 
of the nerves is assumed to take place, whereas in the latter, althoujrh there may appear to be 
an intimate union between the different nerves which enter into the plexus, this union does 
not extend to the ultimate elements of the nerve-fibre ; in other words, althougfh fibres or parts 
of fibres (fibrils) may be given and received by the several nerves to and from one another, 
these fibres (in the case of the larger plexuses) or fibrils (in the microscopic plexuses) remain 
completely distinct, although they may run in close juxtaposition. Nervous plexuses are of 
very common occurrence, both those of the larger sort which have long been recognized by 
anatomists, and the smaller microscopic plexuses which are very often found near the endings, 
both of some centripetally conducting, and of some centrifugally conducting nerves. But 
nervous networks are far less frequent than has been supposed, although they were until 
lately described as a mode of nerve-termination not by any means rare, and indeed their exist- 
ence is now doubted altogether by some histologists. (CJompare Waldeyn\ Ue. d. Endigungs- 
weise der sensiblen Nerven : Archiv. f. mikr. Anat. XVII. s. 367.) 

Verve-endings in tendons.— Special modifications of the plexiform mode of 
ending of sensory nerves have been described in various peripheral organs, but those 




Fig. 408. — Organ or Goloi from the human tendo achillis. Chloride or gold preparation. 

(Ciaccio.) 
w, miiBCuIar fibres ; t, tendon -bundles ; 6^, Golgi's organ with the axis-cylinder of the nerves, n, 
ramifying between the small connective tissue bundles. 



only which are found in the tendons of muscles will here be noticed, tha modes of 
termination in other parts beinor deferred until the several organs are treated of. 

Most of the nerve-endings in tendon seem referable to one or other of the end* 
organs which have already been described, although they present considerable 
modification of form. In some tendons end-bulbs like those in the conjunctiva are 
found (Sachs), and small Pacinian corpuscles of simple structure occur occasionally 
in the areolar tissue sheaths of tendons and ligaments. But in many tendons, at 
their junction with the muscles, there occur, as was first shown by Golgi, long 
spindle-shaped bodies, composed apparently of a number of tendinous bundles more 
or less fused into one, into which one or more medullated fibres pass, and after 
dividing a certain number of times, their axis-cylinders spread themselves out 
between the smaller tendon bundles, and collectively form a branched expansion 
which is not unlike the terminal ramification in which the motor nerves to the 
muscles themselves end (fig. 408). The peculiar spindle-shaped organ, which is thus 
provided with a rich nervous network, is known as an oi'gan of Golgi, Various 

VOL. L A A 



348 



TERMINATION OF MOTOR NERVES. 



modificationB of these have been described but their fundamental strncture appears 
to be the same in all vertebrates. 

In muscles themselves little or nothing is known as to the endings of sensory 
nerves, although that they possess such is shown by the pain which is felt when a 
muscle is cut. Kerschner has described the " muscle spindles " (see p. 801) as 
representing such sensory nerve-endings, but this view has not been generally 
accepted. 

TXBMINATION OF MOTOR mDBVSS. 

In the involnntary musoles such as those which constitute the muscular 
layers of the hollow viscera, the nerves, which are for the most part non-medullated 
with a small intermixture of white fibres, form complicated plexuses as they near 
their termination. At the junctions of the fine nervous cords which compose the 
plexuses groups of ganglion-cells are in many parts met with ; a well known example 




Fig. 409. — Nkbtous plexus or Aukrbaoh from tbk xusoular coat of thb iktbstikb. (Cadiai.) 



of such a gangliated plexus being the plexus myenterims of Auerbach between the 
longitudinal and circular layers of the muscular coat of the intestine (fig. 409). 
From these gangliated plexuses branches are sent off, which penetrate between the 
elements of the involuntary muscular tissue, coursing for the most part parallel with 
the muscular fibres. The pale nerve-fibres bifurcate and give off branches at acute 
angles at frequent intervals, and eventually become separated into fine filaments 
which may represent ultimate fibrillae, but the branches which are given off only 
rarely, according to Lowit, become united with those from adjoining nerve-fibres, so 
that it can scarcely be said that an intramuscular plexus, and still less a network, 
really exists. The fine longitudinally coursing fibrils come into close relation' with 
the involuntary muscle-cells, but do not appear to pass into the interior of the cells 
and their nuclei. They are said to end by gradually tapering or varicose extremities, 
but according to Elischer each nerve-fibril terminates by a slight bulbous expansion 
opposite the nucleus of a contractile cell. 

In the cardiac mnacnlar tissue the nerves form networks with very long 
meshes. The nervous fibrils become closely applied to the muscular fibres, often 
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appearing to end in small bulbous extremities, but, according to Fischer, do not 
penetrate the muscular fibres. Motorial end-plates, such as occur in voluntary 
cross-striated muscle, are not found in the heart. 

The nerven of volnntary miuoleB terminate for the most part in special 
expansions, to which the term motorial end-plates has been applied. The term 
end^rgan is however a more suitable one, for, as will immediately be explained, 
the termination of the nerve is rather of the nature of a flattened ramification than 
a continuous plate. 

As was mentioned in the account of the muscular tissue, the nerves in the 
voluntary muscles form plexuses, of which the branches grow finer and the meshes 
closer as they advance further into the tissue. The individual fibres, while still 
associated in small bundles, undergo division (fig. 888), and at length single dark- 
bordered fibres pass oflf to the muscular fibres. These nerve-fibres on approaching 
or reaching a muscular fibre often divide still further. The branches retain their 
raedullary sheath until they reach the sarcolemma, when the white substance 
abruptly terminates, w^hile the neurolemma becomes continuous with the sar- 
colemma (fig. 410, «). It would seem that the prolongation of the nucleated sheath 
of Henle is also continued over the end-organ, which thus receives a double covering 





Fig. 410. — NsRYK-ESDiNO IN xusouLAR FIBRE OF A LIZARD (Lacerta Yiridis) (Kiihne.) 

(Highly magnified. ) 

a, end-ofgan seen edgeways ; h, from the surface. 8, 8, sarcolemma (here sometimes termed 
**ieiolemma") ; p^ p, expansion of axis-cylinder. Beneath this is granalar protoplasm containing a 
namber of large clear nnclei and constituting the ** bed " or "sole" of the end oigan. In b the expansion 
of the axis-cyUnder appears as a clear network, branching from the divisions of the meduUated fibre. 

to which the name teloUmma has been given by Kiihne. The axis-cylinder as it passes 
into the fibre forms a clear localised branched expansion {p /?), which lies imme- 
diately under the sarcolemma, embedded in a layer of granular matter, the " bed " 
or " sole " of the end-organ, which contains a number of large clear nuclei, each 
having one or more distinct nucleoli. The termination of the axis-cylinder is not a 
continuous plat6, as was thought by Rouget, but appears when viewed from the sur- 
face in the form of an arborescent figure (figs. 410 to 415), the branches of which do 
not, according to Ranvier, anastomose. According to Kiihne the branching figure 
which is formed by the axis-cylinder is composed of an axial part, staining darkly 
with gold, and a peripheral part or stroma, which remains unstained. Kiihne regards 
the axial part as representing the fibrils of the axis-cylinder, but it may be doubted 
whether the differentiation into axial part and stroma is not due to the shrinking of 
the axis-cylinder under the influence of the reagent. The appearance of the two 
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parts in gold preparations is well exhibited in figs, 411, 412. Applied to the branches 
of the ramification small granular nuclei (fig. 414, n) are seen at intervals ; these 
nuclei of the arborisation are different from the clear nuclei of the bed (n'), and also 
from the flattened nuclei of the sheath which lie immediately under the sarcolemma 
covering the end-plate, and which resemble the nuclei of the sheath of Schwann of 
the nerve. The sarcolemma over the situation of the nen-e-ending is slightly raised 
above the general surface (fig. 410, a). It would appear that in mammals each 
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Fig. 411. — Motor end-organ op a lizaud : gold preparation. (Kiihne.) 
n, nerve-fibre ; r, terminal ramification of axis-cylinder ; m, clear substance surrounding the 
ramification (matrix) ; 6, granular bed or sole of the end-organ. 

Fig. 412. — Cross-section of muscular fibre and end-organ of lizard : gold preparation. 

(Kuhne.) 
r, terminal ramification of axis-cylinder ; m, matrix ; hy nucleus of bed ; t, nucleus of telolemma. 

Fig. 413. — Motor end-organ of huxan muscle : gold preparation. (Kiihne.) 
M, medullated norve-fibre ; r, terminal ramification of axis-cylinder. 



muscular fibre has but one terminal structure, and i:eceive8 consequently but one 
nerve-fibre. As, moreover, the fibres of a nerve undergo division, probably repeated 
division, before ending, it follows that one fibre in a nerve-root or -trunk may supply 
several muscular fibres. In reptiles the longer muscular fibres may have two or mure 
nerve-endings. 

The shape and extent of the terminal ramification of the axis-?ylinder within 
the end-organ varies greatly, not only in different classes of animals, but also in 
animals belonging to the same class, and there is even some variation in individuals 
of the same species, as is evident from the various renresentations of the end-organs 
of the green lizard, which are here given. On the whole, it may be stated that the 
terminal ramification is most compact in mammals and reptiles and least so in 
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amphibia (fig. 415), where there is no continuous granular bed with clear nuclei 
imbedded in it, and the ramifications of the axis-cylinder are extended over a much 
larger proportionate area of the fibre than in reptiles, birds, and mammals, so 
that the termination of the nerve is far less localised. The branches of the axis- 




Fig. 414. — ^Tbrminatiox of a nkrtb iir 

A MUSCULAR FIBRE 07 THK LIZARD 

(Lacerta Tiridis). (RanWer.) Highly 
magnified. 

h, sheath of the nerve- fibre ; h^ 
bifurcation of the fibre ; f, node ; 7/1, 
short segment beyond the node ; r, ter- 
minal ramifications of the axis-cylinder ; 
li, nuclei on the branches of the axis- 
cylinder; n\ nuclei in the granular sub- 
stance of the end-plate. The granular 
Kubstance lies in the intervals between 
the branches of the axis-cylinder ; it is 
not seen in this figure. 




Fig. 415. — Nervb-kndi.xg 15 muscle of froo. (Klihne.) 
a, one of the branches of the medullated fibre passing within the sarcolemma ; 6, 6, granular pear- 
shaped nuclei of the arborisation ; c, c, nuclei of sheath ; f, r, muscle-nuclei. 



cylinder run for a short distance parallel with the axis of the fibre between the 
sarcolemma and muscular substance, terminating abruptly by rounded extremities. 
They have here and there slight enlargements, connected with which are seen, as 
in the end-plate of the lizard, granular pear-shaped nuclei (Z>), entirely different in 
ai)pearance from the proper nuclei of the muscle {e). In other animals, e.g.^ in 
snakes, there is a tendency for the branches of the ramification to become dilated 
at their termination into bulbous enlargements, which in a well-stained preparation 
gives an appearance like that of a bunch of berries. Many other variations are met 
with, but in no case is there a departure from the general rule that the ultimate 
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tennination is in the form of a ramification of the axis-cylinder on the surface of the 
fibre within the sarcolemma.^ 

The termination of motor nerves in special giannlar expansions within the sarcolemma was 
first noticed by Doydre in insect-muscles. The aborescent termination of the axis-cylinder was 
discovered in the frog by Ktihne in 1862. In the same year the end-plates were recognised by 
Bouget in the lizard, and in 1863 by W. Erause in mammals. The last named observer was 
the first to describe the termination of the axis-cylinder as a ramified expansion imbedded in 
granular substance, but maintained that the whole structure lay outside the sarcolemma. In 
this opinion Krause is supported by Kolliker, but by far the majority of observers regard the 
whole end-organ as hypolemmal in position. Engelmann and Foettinger have been led from 
observations upon insect-muscles to the conclusion that the expansion of the nerve-fibre comes 
into actual continuity with the isotropons substance, «.<*., with the sarcoplasm, of the muscular 
fibre. But the effect of section of a motor nerve in the living animal — the resulting degen- 
eration extending no further into the muscular fibre than the end-plate itself — is a strong- 
argument against the exintence of any such anatomical continuity. 



DXYXIiOPMSNT OF THX NXRVXS. 

The embryonic development of the nerves has already been treated of in the 
part of this work devoted to Embryology. It was there shown that all nerve-fibres 
and nerve-cells, whether belonging to the central nervous system or to the peripheral 
and sympathetic nerves, are originally derived from the neural or nt uro-sensory 
epiblast, and that in the case of the afferent nerve-fibres, such as those of the 
posterior roots, the axis-cylinders grow from the cells of origin (neuroblasts of the 
spinal ganglia), both centripetally into the nerve-centre, and centrifugally towards 
the peripheral sensory parts, while in the oase of the efferent nerve-fibres, those 
namely of the anterior roots, the axis-cylinders grow only centrifugally from their 
cells of origin, which here lie within the nerve-centre (neuroblasts of the nerve- 
centres), and thence eventually pass to and unite with the muscular fibres. So far 
as is known, this is the only mode of development of nene-fibres, viz., as out-growths 
from nerve-cells or neuroblasts, and they always, whether in the nerve-centres or in 
the nerve-trunks, at first appear as pale fibres, destitute both of primitive and of 
medullated sheath. 

It appears somewhat doubtful whether the pale fibres which are thus first formed 
are single axis-cylinders or bundles of such. However this may be, they early 
become surrounded by cells from the adjacent mesoblast, which penetrate also 
between them, and eventually produce the connective tissue of the nerve-sheath 
(epineurium, perineurium, endoneurium). In the nerve-centres very little connective 
tissue passes between the nerve-fibres, which are there supix)rted by the spongio- 
blasts (see Embryology, p. 68). These are cells which have a conmion 
(epiblastic) origin with the neuroblasts, although their function, according 
to His, is early differentiated.* From the spongioblasts, neuroglia cells appear ulti- 
mately to be produced, and these, within the central nervous system, take on mnch 
the same supporting ftmction which is elsewhere fulfilled mainly by connective tissue. 

The medullary sheath does not make its appearance until a comparatively late 
period of embryonic life, and there is much doubt as to its mode of foiination. It 
first appears as a thin layer of myelin, not unfrequently interrupted, which closely 
ensheaths the axis-cylinder, and is itself ensheathed by the nucleated neurolemma or 
sheath of Schwann which has been previously formed. Vignal refers the formation 

^ For an account of the variations which are met with in different animals, illustrated hj a large 
number of drawings, and for a discussion of many disputed points regarding the details of structure of 
these organs, the reader is referred to a paper by Prof. W. Kuhne in the '*Zeit8chrift f. Biologie," fid. 
23, 1886. 

' BAm6n y Cajal, however, states that many of the neuroblasts are directly derived from cells which 
are identical wilh the spongioblasts of His. 
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of the medullary sheath to the cells which compose the nucleated sheath of Schwann, 
and the same view has been taken by other observers ; but it must nevertheless be 
regarded as possible that it is actually formed by the axis-cylinder, or by the proto- 
plasm which forms the peripheral layer of the axis-cylinder in its embryonic con- 
dition, and for the following reasons, viz. (1) that in the central nervous system the 
medullated nerve-fibres never at any time possess this nucleated sheath ; (2) that in 
regenerating nerve-fibres, a thin medullary sheath appears around the growing axis- 
cylinders before these are surrounded by their special nucleated sheath. At the 
same time it is possible to suppose that the cells of Schwann's sheath may influence 
the deposition of myelin. The neurolemma or sheath of Schwann on the other 
hand appears certainly to be formed by cells which have applied themselves to 
and have become flattened out around the preformed axis-cylinder, but whether 
they are to be regarded as of mesoblastic origin (Vignal, Kolliker), or whether 
they have passed out from the nerve-centre along with the processes of the 
neuroblasts, and are therefore like the latter epiblastic in nature, is a question 
which requires further investigation. On the whole, although we have no certain 
information on the subject, it is probable that the medullary sheath has an origin 
in common with the axis-cylinder, but that the primitive sheath is diflferent, and 
not improbably mesoblastic in origin. 

The formation of the medullary sheath occurs, not simultaneously over the whole 
nervous system, but in regular order along definite tracts, and the knowledge of this 
in the hands of Flechsig, has proved an important means of tracing the course of 
certain strands of fibres in the nervous centres, as will be noticed when the subject 
of the continuity of the fibres in those centres is dealt with. 

The fact that the nerve-segments or^intemodes of the peripheral nerves are con- 
siderably shorter in the young animal, points to the existence of an interstitial as well 
as a terminal growth of nerve-fibres. Besides such expansion of the intemodes, 
Yignal has described another method of growth in length of nerve-fibres ; mesoblast 
cells similar to those which originally produced the nucleated sheath, applying them- 
selves to the axis-cylinder of the nodes, and determining first an increase in length 
of the nodal axis-cylinder, and then a formation of myelin upon this, so that a 
short segment becomes intercalated at the node. These short segments soon grow 
fio as to attain the length of the remaining segments of the nerve-fibre. 

Degeneration and regeneration of nerres. — The divided ends of a nerve 
that has been cut across readily reunite by cicatricial tissue, but the cut ends of the 
fibres themselves do not thus unite. On the contrary, soon after the section, a 
process of degeneration begins in the peripheral or severed portion of the nerve. 
The nuclei become multiplied, and the protoplasm about them largely increased in 
amount, the segments taking on to some extent their embryonic condition. At the 
same time the medulla of the white fibres degenerates into a granular mass consist- 
ing of fatty molecules, and is then totally removed, and eventually the axial fibre 
also disappears (%. 41(), A, B, and C). 

In regeneration the new fibres grow afresh from the axial fibres of the central 
end of the divided nerve-trunk (often more than one from each) ; and, penetrating 
into the peripheral end of the trunk, grow along this as the axis-cylinders of 
the new nerves, becoming after a time surrounded with medullary substance (fig. 
416, D). 

To this brief summary the following details may be added : — In warm-blooded 
animals the first changes in the peripheral part of the nerve are seen twenty-four 
hours after the section. The nuclei underneath the, primitive sheath are everywhere 
found hypertrophied, the primitive sheath is distinctly visible, and protoplasm is 
found to have accumulated at the expense of the medullary sheath, both in the 
immediate neighbourhood of the nuclei, at the nodes, and also at other points in 
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the fibre, which correspond, according to Ranvier, with the intervals between the 
medullary segments. Fifty hours after the section in the rabbit (but not till four 
days in the dog) the protoplasmic aggregations are found here and there altogether 
to interrupt the continuity of the medullary sheath, and they contain numerous 
fatty granules, and sometimes droplets of myelin (fig. 416, A). About the fourth 
day the nuclei are seen to be multiplied, but not to any great extent (C) ; and 
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Fig. 416. — Dkgeneration and regeneration of nkrve- fibres in the rabbit. (Ranvier.) 

A, part of a nerve-fibre in which degeneration is commencing in consequence of section (50 hours 
l>reviou8ly) of the trunk of the nerve higher up ; w;/, medullary fehcath becoming broken up into drcps 
of myelin ; ^, granular protoplasmic Bubstance which is replacing the myelin ; «, nucleus, not yet 
multiplied ; g, primitive sheath. B, another nerve-fibre in which degeneration is proceeding, the nerve 
having been cut four days previously. This specimen is differently prepared from the others, so as to 
exhibit the axis-cylinder (n/) also partly broken up int« portions of different length, enclosed in the 
myelin, my. C, more advanced stage of degeneration, the medullary sheath having in great measure 
disappeared, while several nuclei (?t", n") have been formed by division of the single nucleus of the 
internode. D, commencing regeneration of a nerve-fibre. Several small nerve- fibres {t\ t"), have 
sprouted out from the enlarged cut end {b) of the nerve-fibre (0 ; a, an axis-cylinder, which has not yet 
acquired a medullary sheath ; t, s', primitive sheath. 



the whole of the myelin after four or five days is broken up into drops, some 
larger, some smaller. The axis-cylinder is also found to be interrupted at nume- 
rous places, and remains only in the shape of short fibres, often curled round at 
their broken ends, enclosed in the large drops of myelin (B). Eventually these 
portions also may disappear. The myelin at length becomes almost entirely i*emoved, 
partly through the agency of leucocytes or phagocytes, until nothing remains of it 
except a few isolated drops, which escape absorption, and all that then remains of 
the original fibre is the primitive sheath, which is occupied by a protoplasmic mass 
containing an increased number of nuclei. During the disappearance of the myelin 
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from the nerve-fibres the cells of the connective tissue in the neighbourhood of the 
fibres become charged with fatty granules, which may have Become formed fi-om 
the dissolved fatty substances of the medullary sheath. 

These degenerative changes seem to occur simultaneously along the whole 
length of the nerve. In the nerves to voluntary muscles the end-plate is said to be 
the part first affected. 

In the immediate neighbourhood of the section the appearances are somewhat 
modified by the escape of the myelin from the cut ends of the nerve-fibre, and the 
infiltration of blood and lymph into the interior of the ends thus emptied of their 
contents. This change must of course occur both in the central stump of the nerve 
as well as in the peripheral cub end : it does not often extend beyond the first node. 
Apart from such traumatic modification, true degenerative changes do not occur in 
the end of the nerve which is still in connection with the centre, although prolifera- 
tion of the nucleus in the first and second internodes near the cut may take place. 
The central cut end of the axis-cylinder does not become altered ; except that io 
undergoes a slight swelling, preparatory in all probability to the renewed growth 
by which the regeneration of the fibre is effected. 

Regeneration proceeds but slowly. Up to the twenty-eighth day after the 
section, or even later than this, there is still no trace of the new nerve-fibres in the 
peripheral part of the nerve. With the exception of a few fibres which for some 
reason not well understood (probably because they are derived from some other 
nerve which has not been cut, and are taking a recurrent course in the cut 
nerve), have not undergone degeneration, nothing is to be seen in a section 
of the nerve at this period, except the primitive sheaths of the old fibres, filled 
with clear or finely granular substance. If, however, a transverse section be 
made of a nerve considerably later than this (sixty or seventy days after the 
original section) it is found that within the tubes formed by the old primitive 
sheaths, according to Vanlair between them, small single fibres or groups of 
fibres, either pale or provided with a medullary sheath, are to be seen, besides 
here and there those drops of myelin which have remained unabsorbed from the 
meduUary sheaths of the original fibres. On cutting out the central end of the 
nerve, together with the cicatrix, and separating its fibres, it is seen that the 
groups of small fibres noticed in the transverse section are continuous with the 
central ends of the axis-cylinders of the original nerve (fig. 416, D). Either a bunch 
of small fibres may grow directly from the axis- cylinder of one fibre, or two only 
may emerge from this ; but these soon bifurcate, and, repeating this process again 
and again, may eventually form a considerable group. It would appear therefore 
that the regeneration of a cut nerve is effected by a growth of new fibres from the 
axis-cylinders of the central cut end, and that many more such fibres are formed 
in the first instance than the old ones which have undergone degeneration. 
The growth from the old axis- cylinders always occurs in the situation of a node 
— either the one nearest to the section or one somewhat higher up. The new fibres 
are at first pale but subsequently acquire a medullary sheath, still later a primitive 
sheath, with constrictions of Ilanvier, which, as in young nerves, are placed at 
much more frequent intervals than in the old fibres, so that the intervals are 
much shorter. 

The fibres which grow thus in groups from the old axis-cylinders are often 
very irregular in their course, twisting around one another, and even looping 
back in some places for a considerable distance. In the cicatrix especially is this 
irregularity and obliquity of disposition noticeable, probably on account of the 
absence here of the guide formed by the sheaths of the original fibres. 

Restoration of function in the nerve may not occur for several months, during 
which time it may be presumed the new nerve-fibres are slowly finding their way 
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along the course of those which have been destroyed as a result of the section. Of 
the numerous fibres In the groups above described, no doubt a few only eventually 
assume the function of the fibres which they replace, but the later steps of the 
process of regeneration have not yet been fully followed out. 

Except close to the actual place of section, where they are somewhat hypertrophied, 
the connective-tissue sheaths of the nerves remain unaltered. In the cicatrix the 
new nen^e-fibres do not at first run in definite sheaths, but these become subsequently 
developed from the connective-tissue around, so that at length the restoration of 
continuity of all the structures in the nerve becomes complete. Yanlair states 
that the outbudding of the axis-cylinders of the central end may occur as much as 
one or two centimeters from the point of section, and may involve at first only the 
peripheral fibres of a funiculus. 

Ranvier looks upon the regeneration of a nerve by growth from the intact central 
ends of the fibres as illustrating the tendency which, he believes, all nerve-fibres 
exhibit, to grow continuously until a hindrance is met with, and he compares the 
result of cutting a nerve-fibre in causing the growth of a number of new fibres in 
place of the original one, to that produced when the leading shoot of a plant is 
removed, in causing the production of a number of lateral buds. 

Some have thought that under &vourable circumstances an immediate union 
between the ends of the nen-e-fibres may happen after section ; but considering the 
impossibility of procuring exact apposition of the individual fibres, end to end, as 
well as the inevitable extension of the effects of the mechanical injury caused by the 
section along the soft contents of the primitive sheath, it seems improbable that 
such direct union should ever occur. 

The degeneration does not afiect, as we have seen, the part of the nerve 
remaining in connection with the nervous centre, which seems to exert an influence 
in maintaining the nutrition of the nerve. The ganglia, as well as the grey matter 
of the brain and spinal cord, are centres of this influence. It is found that, in the 
central portion of a divided spinal nerve, while the fibres belonging to the anterior 
root owe their integrity to their connection with the spinal cord (and especially with 
the large cells of the anterior cornu), those of the posterior root are similarly depen- 
dent on the ganglion ; and that if the posterior root be cut between the ganglion 
and the spinal cord, not only will the fibres which pass from it into the trunk of the 
nerve beyond the ganglion remain unchanged, but also those above the ganglion, in 
the portion of the root left in connection with it ; whereas the fibres of the same root 
which remain connected with the cord but severed from the ganglion degenerate. 

The degeneration of the peripheral end of a cut nerve and the breaking up of the substance 
of the medullary sheath were first noticed by Nasse in 1839. But the discovery by Augustas 
WaUer in 1852 of the dependence of the process upon isolation of the nerve-fibre from its 
nutritive centre, and his application of this discovery to the tracing the course of nerve-fibres 
in peripheral parts (now known as the Wallerian method) first gave full interest and import- 
ance to the observation of Nasse. Stated briefly, the law may be formulated as follows : — 
^' Degeneration occurs along the whole extent of any nerve-fibre which is cut off from the oeU 
which governs its nutrition," and this, as the observations of His have shown, is in eveiy case 
the cell from which the nerve-fibre has originally grown.^ 
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BIiOOD-VESSEIiS. 

The blood, from which the solid textures immediately derive material for their 
nourislmient, is conveyed through the body by branched tubes named blood-vessels. 
It is driven along these channels by the action of the heart, which is a hollow 
muscular organ placed in the centre of the sanguiferous system. One set of vessels, 
the arierieSy conducts the blood out from the heart and distributes it to the different 
regions of the body, whilst other vessels, the reins^ bring it back to the heart again. 
From the extreme branches of the arteries the blood gets into the commencing 
branches of the veins or revehent vessels, by passing through a network of fine 
tubes which connect the two, and which are termed, by reason of their smallness, the 
capillar!/ (i.e., hair-like) vessels, or, simply, the capillaries. 



ABTSRZBS. 

These vessels were originally supposed to contain air. This error, which had long 
prevailed in the schools of medicine, was refuted by Galen, who showed that the 
vessels called arteries, though for the most part found empty after death, really 
contain blood in the living body. 

Mode of distribution.— The arteries usually occupy protected situations ; 
thus, after coming out of the great visceral cavities of the body, they run along the 
limbs on the aspect of flexion, and not upon that of extension where they would be 
more exposed to accidental injury. 

As they proceed in their course the arteries divide into branches, and the division 
may take place in different modes. An artery may at once resolve itself into two or 
more branches, no one of which greatly exceeds the rest in magnitude, or it may give 
off several branches in succession and still maintain its character as a trunk. The 
branches come oft* at different angles, most commonly so as to form an acute angle 
with the further part of the trunk, but sometimes a right or an obtuse angle, of 
which there are examples in the origin of the intercostal arteries. 

An artery, after a branch h&s gone off Arom it, is smaller than before, but usually 
continues uniform in diameter or cylindrical until the next secession ; thus it was 
found by Hunter that the long carotid artery of the camel does not diminish in 
calibre throughout its length. A branch of an artery is less than the trunk from 
which it springs, but the combined area or collective capacity of all the branches into 
which an artery divides, is greater than the calibre of the parent vessel immediately 
above the point of division. The increase in the joint capacity of the branches over 
that of the trunk is not in the same proportion in every instance of division, and 
there is at least one case known in which there is no enlargement, namely, the 
division of the aorta into the common iliac and sacral arteries ; still, notwitlistanding 
this and other possible exceptions, it must be admitted as a general rule that an 
enlargement of area takes place. From this it is plain that, since the area of the 
arterial system increases as its vessels divide, the capacity of the smallest vessels and 
capillaries will be greatest ; and, as the same rule applies to the veins, it follows 
that the ariierial and venous systems may be represented, as regards capacity, by two 
cones whose apices (truncated it is true) are at the heart, and whose bases are united 
in the capillary system. The effect of this must be to make the blood move more 
slowly as it advances along the arteries to the capillaries, like the current of a river 
when it flows in a wider and deeper channel, and to accelerate it« speed as it returns 
from the capillaries to the venous trunks. 
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When arteries unite they are said to anastomose or inosculate. Anastomoses 
maj occur in tolerably large arteries^ as those at the base of the brain, those of the 
hand and foot, and the mesentery, but they are much more frequent in the smaller 
vessels. Such inosculations admit of a free communication between the currents of 
blood, and must tend to promote equability of distribution and of pressure, and to 
obviate the effects of local interruption. 

Arteries commonly pursue a tolerably straight course, but in some parts they are 
tortuous. Examples of this in the human body are afforded by the arteries of the 
lips and of the uterus, but more striking instances may be seen in some of the lower 
animals, as in the well-known case of the long and tortuous spermatic arteries of the 
ram and the bull. In very moveable parts like the lips, this tortuosity will allow 
the vessel to follow their motions without undue stretching ; but in other cases its 
purpose is not clear. The physical effect of such a condition of the vessel on the 
blood flowing along it must be to reduce the velocity, by increasing the extent of 
surface over which the blood moves, and isonsequently the. amount of impediment 
from friction ; still it does not satisfactorily appear why such an end should be 
provided for in the several cases in which arteries are known to follow a tortuous 
course. The same remark applies to the peculiar arrangement of vessels named a 
** rete mirabile," where an artery suddenly divides into small anastomosing branches, 
which in many cases unite again to re-construct and continue the trunk. Of such' 
reiia mirabilia there are many examples in the lower animals, but, as already 
remarked, the purpose which they serve is not apparent. The best known instance 
is that named the rete mirahile of Oalen^ which is formed by the intracranial part of 
the internal carotid artery of the sheep and several other quadrupeds. 

Arteries possess considerable strength and a very high degree of elasticity, being 
extensible and retractile both in their length and their width. When cut across 
they present, although empty, an open orifice ; the veins, on the other hand, 
collapse, unless when prevented by connection with surrounding rigid parts. 

Structure. — In most parts of the body the arteries are inclosed in a sheath 
formed of connective tissue, and their outer coat is connected to the sheath by fila- 
ments of the same tissue, but so loosely that, when the vessel is cut across, its ends 




Fig. 417.— Trajtsyersr sbctiok o? part of the wall of the posterior tibial artert (man). 

75 DIAMETERS. (E. A. S.) 

a, epithelial (endotheli&l) and subepithelial layers of inner coat ; 6, elastic layer (fenestrated 
membrane), of inner coat, appearing as a bright line in section ; c, muscular layer (middle coat) ; 
d, outer coat, consisting of connective tissue bundles. In the interstices of the bundles are some 
connectiye tissue nuclei, and, especially near the muscular coat, a number of elastic fibres cut across. 

readily shrink some way within the sheath. Some arteries lack sheaths, those for 
example which are situated within the cavity of the cranium. 

Independently of this sheath, arteries (except those of minute size whose 
structure will be afterwards noticed) have been usually described as formed of three 
coats, named, from their relative position, internal, middle, and external (fig. 417, in 
section) ; and as this nomenclature is generally followed in medical and surgical 
works, and also correctly applies to the structure of arteries so far as it is discernible 
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by the naked eye, it seems best to adhere to it as the basis of our description; 
although it will be seen, as we proceed, that some of these coats are found on 
microscopic examination really to consist of two or more strata differing from 
each other in texture, and therefore reckoned as so many distinct coats by some 
authorities. 

Internal coat {Tunica intima) (fig. 417, a, o). This may be raised from the 
inner surface of the arteries as a fine transparent colourless membrane, elastic but 
very easily broken, especially in the circular or transverse direction, so that it cannot 
be stripped off in large pieces. It is very commonly corrugated with fine and close 
longitudinal wrinkles, caused most probably by a contracted state of the artery after 
death. Such is the appearance presented by the internal coat to the naked eye, but 
by the aid of the microscope, it is found to consist of three different structures, 
namely : — 

1. An epithelial layer {endotlielium of the artery) (fig. 417, ^r, and fig. 418) form- 
ing the innermost part or lining. This is a simple layer of thin elliptical or 
in'egularly polygonal cells, which are often lengthened into a lanceolate shape. The 
cells have round or oval nuclei, with nucleoli : their outlines are often indistinct in 





Fie. 418.— Epithklial layer likikq the posterior tibial artkrt op mah. 250 diameters. 

(E. A. S.) 
Nitrate of silver preparation. 

Fig. 419. —Cell SPACES op sub-epithelial layer of artery (posterior tibial). 250 diameters. 

(E. A. S.) 
The ground substance is stained by nitrate of silver, and the cell-spaces of the tissue are thus made 
manifest as white patches, the contained cells not being seen. 

the fresh state, but may be brought into view by means of nitrate of silver. When 
the vessels are empty and collapsed, the endothelium cells are less flattened, and the 
part of each cell which contains the nucleus may project somewhat into the lumen of 
the vessel. 

2. A subepithelial layer (striated layer of Kolliker). This is composed of a 
finely fibrillated connective tissue with a number of branched corpuscles lying in the 
cell-spaces of the tissue (fig. 419). This layer is most developed in the larger 
arteries : it exists however as a thin stratum in the medium-sized ones. In the 
aorta it is very well marked and contains a large number of anastomosing* cells and 
cell-spaces lying in a finely fibrillated ground-substance. Longitudinal networks of 
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very fine elasfcic fibres, which are in continuity with the larger elastic fibres of the 
next layer, occur in it in the aorta. 

8. Elmiic layer (fig. 417, h). The chief substance of the inner coat is formed 
by elastic tissue, which occurs as longitudinal networks of fibres (fig. 420), consist- 
ing of one or more layers of different degrees of closeness. Not uncommonly some 
of these (or one in particular) take on a membranous character, in which case the 
" perforated " or " fenestrated *' membrane of Henle is formed. This consists of a 
thin and brittle transparent film of elastic tissue. It can be stripped off in small 
shreds, which have a remarkable tendency to curl in at their borders, and roll them- 
selves up as represented in fig. 421. The films of membrane are marked by fine 
lines, following principally a longitudinal direction, and joining each other obliquely 
in a sort of network. These lines are reticulating fibres formed upon the mem- 
branous layer and continuous with the reticulating elastic fibres which pervade the 
muscular coat on the one side and with those which extend into the subepithelial 





Pig. 420.— Elabtio hrtwork of abtxrt. (Toldt.) 

Fig. 421. — Portion of finsstratid mrxbrane from the femoral artbrt, maqsified 200 

DIAMETERS. (Honle.) 
ay b, e, perforations. 

layer on the other. The membrane is further remarkable by being perforated with 
numerous round, oval, or irregularly shaped apertures of different sizes. In some 
parts of the arteries the perforated membrane is very thin, and therefore difficult to 
strip off ; in other situations it is of considerable thickness, consisting of several 
layers ; in which case it tends in the outer layers to lose its membranous character : 
indeed it must be borne in mind that every transition is met with between the fene- 
strated membranes, and the longitudinal elastic network. 

The inner coat in its most developed condition may thus be said to be formed of 
(1) a layer of flattened epithelial cells (endothelium), (2) a layer of delicate con- 
nective tissue with branched cells ; and (3) of elastic tissue under two principal 
forms, namely, the longitudinal elastic networks and the fenestrated membrane ; and 
these two forms may coexist in equal amount, or one may predominate, the other 
diminishing or even disappearing altogether. 

Middle coat {Tunica media) (fig. 417, c). This consists of plain muscular 
tissue, in fine bundles, disposed circularly round the vessel, and consequently tearing 
off in a circular direction, although the individual bundles do not form complete 
rings. The considerable thickness of the walls of the arteries is due chiefly to this 
coat ; in the smaller ones, it is thicker in comparison with the calibre of the vessel. 
In the larger vessels it is made up of many layers ; and elastic films either finely 
reticular, or quite similar to the fenestrate!^ membrane of the inner coat, are found 
between the muscular layers and alternating with tEem, being also united with one 

vou I. . B B 
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another by elastio fibres pafising across fcbe mnscnlar bandies. In most arteries this 
elastic tissue of the middle coat is but slightly developed, but in the aorta (fig. 424) 
and carotid arteries and in some of the branches of the latter, it attains a consider- 
able development, and since in them also elastic fibres are seen extending into the 
subepithelial layer of the inner coat, the distinction between the inner and middle 
coats as shown in section is far less marked than it is in ordinary arteries. There is 
also a not inconsiderable amount of connective tissue in the middle coat of the 
aorta. 

The muscular fibre-cells of the middle coat of the arteries (fig. 422 and fig. 423) 
are seldom more than from -^ to Yhj of an inch long and frequently, especially in 





Pig. 422.-~MU80l7LAB FIBR1-CELL8 FROM HUXAIT ARTXRIES. MaQHIFIXD 850 DIAMXTIBS. 

1. From the popliteal arteiy ; a, natural ; h, treated with acetic acid. 2. From a small branch of 
the potterior tibial (from Kolliker). 

Fig. 423.— Muscular riBBS-csLLS from sopbrior thyroid artbrt (man). 840 diamxtbbs. 

(E. A. S.) 

those arteries in which the elastic tissae of the middle coat is most developed, 
present a very irregular shape with jagged extremities (fig. 423). Their nuclei are 
distinctly rod-shaped and are often slightly curved. 

Bundles of white connective-tissue fibrils may also occur in small quantity in the 
middle coat, the proportion increasing with the size of the artery. It is important 
to note that the muscular tissue of the middle coat is more pure in the smaller 
arteries, and that the admixture of other tissues increases in the larger-sized vessels ; 
in these, moreover, the muscular cells are smaller. Accordingly, the contractility of 
the arteries, which depends on the muscular tissue of the middle coat, is little 
marked in those of large size, but becomes much more conspicuous in the smaller 
branches. 

SxtenuJ ooat {Tunica adventiiid) (fig. 417, ^0- ^^^ is composed mainly of 
fine and closely-felted bundles of white connective tissue, together with a variable 
amount of longitudinally disposed elastic tissue between the bundles (in the figmne 
the elastic fibres are seen cut across). The elastic tissue is much more abundant 
towards the inner part, next the muscular coat, and is frequently described as con- 
stituting here a distinct elastic layer : it is most mai*ked in arteries of medium 
calibre, becoming thinner, and at length gradually disappearing in those of small 
size. 

In large and middle-sized arteries the bundles of white connective tissue chiefly 
run diagonally or obUquely round the vessel, and their interlacement becomes much 
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more open and lax towards the surface of the arterj, where they connect the 
vessel with its sheath or with other surrounding parts. Longitudinally arranged 
contractile fibre-cells have been described by various observers in the external coat of 
some arteries {e.g., the iliacs, superior mesenteric, splenic, renal, dorsalis penis, and the 

Fig. 424. — Sbctioh of thoracic aobta, as 

SUN UHDBR A LOW POWER. (Toldt.) 

a, inner coat, showing in its inner part longi- 
tudinal muscular libres cut across ; h, middle 
coat, showing elastic membranes alternating with 
the muscular tissue ; e, outer coat, with two sec- 
tions of Tasa Tasorum. 
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umbilical arteries of the foetus). In the 
umbilical arteries, according to Eberth, 
a complete layer of longitudinal mus- 
cular fibres is also present in the middle 
coat, internal to the ordinary circular 
fibres. Scattered longitudinal muscular 
cells are present in some arteries 
amongst the circularly disposed fibres 
of the middle coat, and even in the 
subendothelial layer of the internal coat 
(see fig. 424, in the aorta). The outer 
coat is usually of greater proportionate 

thickness in the smaller arteries, but as it shades off into the surrounding connective 
tissue it is difficult to adjudge its exact thickness. 

Some arteries have much thinner coats than the rest, in proportion to their 
caUbre. This is strikingly the case with those contained within the cavity of the 
cranium, and in the vertebral canal ; the difference depends on the external and 
middle coats, which in the vessels referred to are thinner than elsewhere. The 
pulmonaiy arteries have also much thinner coats than those of the aortic system. 

Vessels and nerves of arteries. — The coats of arteries receive small vessels, 
both arterial and venous, named vasa vaaorum, which serve for their nutrition. 
The little nutrient arteries are not derived immediately from the cavity of the main 
vessel but pass into its coats from branches which arise from the artery (or some- 
times from a neighbouring artery), at some distance from the point where they are 
ultimately distributed, and divide into smaller branches within the sheath, and upon 
the surface of the vessel, before entering the outer coat where they are distributed 
(fig. 424). In some of the larger mammals, a few pass into the middle coat, and 
follow the circular course of its fibres, but in health none penetrate into this coat in 
the human subject and still less into the internal coat (Ranvier). Minute venules 
return the blood from these nutrient arteries, which, however, they do not closely 
accompany, and discharge it into the vein or pair of veins which usually runs along- 
side the artery. Lymphatics are present in the outer coat. 

Arteries are generally accompanied by larger or smaller nerves ; and when, in the 
operation of tying an artery, these happen to be included along with it in the liga- 
ture, pain may be experienced ; but the vessel itself, when in a healthy condition, is 
insensible. Nerves are, nevertheless, distributed to the coats of arteries. They 
form plexuses round the larger arteries, and run along the smaller branches in form 
of fine bundles of fibres, which here and there twist round the vessel, and unite 
with one another in a plexiform manner. The fine branches destined for the artery 
penetrate to the middle coat, to the muscular tissue of which they are chiefly 
distributed. . 

B B 2 
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Minute ganglia are found in various parts connected with the arteries, but their 
existence does not appear to be by any means universal. 

VSXN8. 

Mode of distribution. — ^The veins are ramified throughout the body, like the 
arteries, but in most r^ons and organs of the body they are more numerous and 
larger, so that the venous system is altogether more capacious than the arterial. 
The pulmonary veins form an exception to this rule, for they do not exceed in 
capacity the pulmonary arteries. 

The veins are arranged in a superficial and a deep set, the former running inmie- 
diately beneath the skin, and thence named subcutaneous, the latter usually accom- 
panying the arteries, and named ven(B comites vel satdlites arteriarum. The large 
arteries have usually one accompanying vein, and the medium-sized and smaller 
arteries two, but there are exceptions to this rule. The veins within the skull and 
spinal canal, the hepatic veins, and the most considerable of those belonging to the 
bones, run apart from the arteries. 

The communications or anastomoses between veins of considerable size, are more 
frequent than those of arteries of equal magnitude. 

Structure. — The veins have much thinner coats than the arteries, and collapee 
when cut across or emptied ; whereas a cut artery presents a patent orifice. Bat, 
notwithstanding their comparative thinness, the veins possess considerable strength, 
more even, according to some authorities, than arteries of the same calibre. The 
number of their coats has been differently reckoned, and the tissues composing them 
differently described by different writers, and this discrepancy of statement ia 
perhaps partly due to the circumstance that all veins are not perfectly alike in 
structure. In most veins of moderate size, three coats may be distinguished, which, 
as in the arteries, have been named external, middle, and internal. 

Internal coat. — This is less brittle than that of the arteries, and therefore 
admits of being more readily peeled off without tearing ; but, in other respects, the 

Fig. 425. — Trahsvkbsb sectioh of pirt 

OP THE WALL OP OHB OP THE P08TERIOB 
TIBIAL TBIHS (MAH). (E. A. S.) 

o, epithelial and subepithelial layen of 
inner coat ; 6, elastic layers of inner coat ; 
c, middle coat consisting of irregular layers 
of muscular tissue, alternating with connec- 
tive tissue, and passing somewhat graduallj 
into the outer oonnectiTe tissue and elastic 
coat, d, 

two are much alike. It consists of an 
endothelium^ a submdothelial connective tissue layers and an elastic layer (fig. 425, a, ft). 

The endothelium of the veins is similar in character to that of the arteries, bat 
the cells are shorter and broader. The subendothelial layer is less developed in most 
veins than in the arteries, and indeed is absent altogether in many. It is better 
marked in some of the medium-sized veins than in the larger trunks. The elastic 
tissue of the inner coat occurs as dense lamelliform networks of longitudinal elastic 
fibres, and but seldom as fenestrated membranes. Longitudinal muscular bundles, 
as well as isolated contractile cells, are found in the inner coat of some veins.* 

Middle coat.— This tunic is thinner than that of the arteries, and has a much 
larger mixture of white connective tissue. It is pervaded by an elastic network, 
but this is less conspicuous in the veins than in the arteries. In the veins of the 
limbs (especially the upper limb) and in those of some other parts, the muscular 

' Veins which are apparently healthy, sometimes exhibit here and there well-marked thickenings of 
the inner coat ; these thickenings may represent rudimentary yalves (Bardeleben). 
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fibre-cells have for the most part as in the arteries a transverse direction, although 
the layer which they fonn is not everywhere complete, being separated into bundles 
by the intervention of connective tissue (fig. 425, c). But in many veins some of 
the innermost fibres of the middle coat take a longitudinal course. This is the case 
with the iliac, crural, branches of the mesenteric, umbilical of the foetus, and other 
veins (Eberth). 

In many of the larger veins the middle coat is less developed, especially as 
regards its muscular fibres, but in such cases the deficiency may be supphed by 
muscularity of the outer coat. The middle coat is wanting altogether in the 
thoracic part of the inferior vena cava, but is well marked in the hepatic part : in the 
part below the liver the muscularity of the middle coat is less marked. In the internal 
and external jugular veins there is but a slight development of the muscular tissue. 

Sztemal coat (fig. 425, d). — This is often thicker than the middle coat ; but 
the line of junction between them is not sharply marked. It consists of dense 
areolar tissue and longitudinal elastic fibres. In certain laj^e veins, as was first 
pointed out by Remak, this coat contains a considerable amount of plain or non-striated 
muscular tissue. Thus the muscular elements are well marked in the whole extent 
of the abdominal cava, in which they form a longitudinal network, occupying the 
inner pai*t of the external coat ; and they may be traced into the renal, azygos, 
spermatic and external iliac veins. The muscular tissue of the external coat is also 
well developed in the trunks of the hepatic veins and in that of the vena port®, 
whence it extends into the splenic and superior mesenteric. It is found also in the 
axillary vein. 

Other veins present peculiarities of structure, especially in respect of muscularity, 
as follows. 1. The striated muscular tissue of the auricles of the heart is prolonged 
for some way on the adjoining part of the venae cavas and pulmonary veins. 2. The 
(plain) muscular tissue is largely developed in the veins of the gravid uterus, in 
which, as well as in some other veins, it is described as ibeing present in all three 
coats, and as having for the most part a longitudinal arrangement. 8. On the 
other hand, muscular tissue is wanting in the following veins, viz., a, those of the 
maternal part of the placenta ; b, most of the veins of the pia mater ; c, the veins 
of the retina ; d^ the venous sinuses of the dura mater ; «, the cancellar veins of the 
bones ; /, the venous spaces of the corpora cavernosa. In most of these cases the 
veins consist merely of an epithelium (endothelium) and a layer or layers of connective 
tissue more or less developed ; in the corpora cavernosa the epithelium is applied to 
the trabecular tissue. It may be added that in the thickness of their coats the super- 
ficial veins surpass the deep, and the veins of the lower limbs those of the upper. 

The coats of the veins are supplied with nutrient vessels, vasa vasorum, in the 
same manner as those of the arteries. In some of the larger veins they penetrate 
into the middle coat and even approach the inner surface. Nerves are distributed 
to them in the same manner as to the arteries, but in far less abundance. 

Valves. — Most of the veins are provided with valves, a mechanical contrivance 
adapted to prevent the refiux of the blood. The valves are formed of semilunar 
folds of the internal coat, strengthened by included connective tissue, and projecting 
into the vein. Most commonly two such folds or flaps are placed opposite each other 
(fig. 426, a) ; the convex border of each (which, according to Haller, forms a par- 
abolic curve) is connected with the side of the vein ; the other edge is free, and 
points towards the heart, or at least in the natural direction of the current of the 
blood along the vessel, and the two flaps incline obliquely towards each other 
in this direction. Moreover the wall of the vein immediately on the cardiac side of 
the curved line of attachment of the valves, is dilated into a pouch or «nt/» 
(fig. 426, B), so that, when distended with blood or by artificial injection, the vessel 
bulges out on each side, and thus gives rise to the appearance of a knot or swelling 
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wherever a valve in placed (as in fig. 426, c). From the above description, it is 
plain that the valves are so directed as to offer no obstacle to the blood in its 
onward flow, but that, when from pressure or anj other cause it is driven back- 

ABO ^'^S' 426.— DiAQRAX SHOwnra taltu or tedts. (Sharpey.) 

A. Part of a yein laid open and spread oat, with two pain 
of Talres. B. Longitudinal section of a rein, showing the 
apx)06ition of the edges of the valves in their closed state.^ C. 
Portion of a distended vein, exhibiting a sweUing in the situa- 
tion of a i>air of valves. 

wards, the refluent blood, getting between the 
dilated wall of the vein and the flaps of the valve, 
will press them inwards until their edges meet in 
the middle of the channel and close it up. 

The epithelium cells differ in shape and arrange- 
ment upon the two surfaces of the valves. On 
the side which faces inwards, and past which the 
current of blood flows, the cells are elongated in the direction of the current, 
whereas upon the opposite side which, when the valves are thrown back, faces the 
wall of the vein, the cells are elongated transversely. The main substance of the 
valve is formed by bundles of connective tissue, which have for the most part a 
transverse arrangement, and between which a few elastic fibres are seen. The 
tissue is covered on each surface by a prolongation of the inner coat of the vein, 
the covering being much thicker on the inner than on the outer surface. The valve 
is thinner close to its attachment than elsewhere. At its base a few transverse 
muscular fibres are sometimes seen, prolonged into it from the middle coab. 

The valvular folds are usually placed in pairs as above described : in the veins of 
the horse and other large quadrupeds three are sometimes found ranged round the 
inside of the vessel ; but this rarely occurs in the human body. On the other hand 
the folds are placed singly in some of the smaller veins, and in large veins single 
valvular folds are not unf requently placed over the openings of smaller entering 
branches ; also in the right auricular sinus of the heart there is a single cr^Kjentic 
fold at the orifice of the vena cava inferior, and another more completely covering 
the opening of the principal coronary vein. 

Many veins are destitute of valves. Those which measure less than yV^h of an 
inch (about 2 millimeters) in diameter rarely, if ever, have them. In man, valves 
are wanting in the superior and inferior venae cavae, in the trunk and branches of 
the portal vein (except its gastric tributaries, Koeppe), in the hepatic, renal and 
uterine veins ; also in the spermatic (ovarian) veins of the female. In the male, 
these last-mentioned veins have valves in their course, and in each sex a httle valve 
is occasionally found in the renal vein, placed over the entrance of the spermatic 
or ovarian. The pulmonary veins, those within the cranium and vertebral canal, 
and those of the cancellated texture of bone, as well as the trunk and branches of 
the umbilical vein, are nlso without valves. In the azygos and intercostal veins 
valves are not generally found, and when present are few in number. On the other 
hand, they are numerous in the veins of the limbs (and especially of the lower limbs), 
which are much exposed to pressure in the muscular movements or from other causes, 
and have oft;en to support the blood against the direction of gravity. No valves are 
met with in the veins of reptiles and fishes, and not many in those of birds. 



BMALUBR ABTXRXXS AND VXIN8 AKD OAPILZaABIXS. 

That the blood passes from the extreme arteries into the veins was a necessary 
part of the doctrine of the circulation, as demonstrated by Harvey, in 1628 ; but 
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the mode in which the passage takes place was not ascertained until some time after 
the date of his great discovery. The finding of the capillary vessels, and of the 
course of the blood through them, was in fact one of the first fruits of the use of 
the microscope in anatomy and physiology, and was reserved for Malpighi (in 1661). 
When the web of a frog's foot is viewed through a microscope of moderate 
power (as in fig. 427), the blood is seen passing rapidly along the small arteries, and 
thence more slowly tiirough a network of finer channels, by which it is conducted 
into the veins. The small vessels interposed between the finest branches of the 
arteries and the commencing veins, are the capillary vessels. The course of the 

Pig. 427. — Oapillart blood-tibbbls nr the wbb or a fboo's 
FOOT, AB snir WITH THE MICB08C0PE (after Allen ThomBon). 

The arrows indicate the course of the blood. 

blood in them may be conveniently seen also in the 
Inngs or mesentery of the frog, in the external gills 
and tail of tadpoles ; in the tail of small fishes ; in 
the mesentery of small quadrupeds ; and generally, 
in short, in the transparent vascular parts of animals 
which can be brought under the microscope. These 
vessels can also be demonstrated by means of fine 
injections of coloured material, not only in mem- 
branous parts, such as those above mentioned, but also in more thick and opaque 
tissues, which can be subsequently rendered transparent. 

The capillary vessels of a part are most commonly arranged in a network, the 
branches of which are of nearly uniform size, though not all strictly equal ; and 
thug they do not divide into smaller branches like the arteries, or unite into larger 
ones like the veins ; but the diameter of the tubes, as well as the shape and size of 
the reticular meshes which they form, difiers in different textui-es. Their prevalent 
size in the human body may, speaking generally, be stated at from yyVxy ^ ttArt of 
an inch, as measured when naturally filled with blood. But they are said to be in 
some parts considerably smaller, and in others larger than this standard : thus, 
Weber measured injected capillaries in the brain, which he found to be not wider 
than j^-Q of an inch, and Henle has observed some still smaller, — in both cases 
apparently smaller than the natural diameter of the blood-corpuscles. The capil- 
laries, however, when depiived of blood, probably shrink in calibre immediately 
after death : and this consideration, together with the fact that their distension by 
artificial injection may exceed or fall short of what is natural, should make us 
hesitate on such evidence to admit the existence of vessels incapable of permitting 
the red corpuscles of the blood easily to pass through them. The diameter of the 
capillaries of the marrow of the bones is stated to be i^V?y ^^ *^ ^^^h. In other 
parts, their size varies between the extremes mentioned : it is small in the lungs, 
and in muscle ; larger in the skin and mucous membranes. The extreme branches 
of the arteries and veins in certain parts of the synovial membranes are connected 
by capillary loops, which are considerably dilated at their point of flexure, and 
dilatations are also found upon the transverse capillaries of the red muscles of the 
rabbit. 

There are differences also in the size or width of the meshes of the capillary 
network in different parte, and consequently in the number of vessels distributed in 
a given space, and the amount of blood supplied to the tissue. The network is very 
close in the lungs and in the choroid coat of the eye, and comparatively close in 
muscle, in fat, in the skin, and in most mucous membranes, also in glands and 
secreting structures, and in the grey part of the brain and spinal cord. On the other 
hand, it has wide meshes and comparatively few vessels in the ligaments^ tendons^ 
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and other allied textures. In infants and jonng persons, the tissues are compara- 
tively more vascular than in after-life. 

The figure of the capillary network is not the same in all textures. In many 
cases the shape of the meshes seems accommodated to the arrangement of the 
elements of the tissue in which they lie. Thus in muscle, nerve, and tendon, the 
meshes are long and comparatively narrow, and run conformably with the fibres 
and fasciculi of these textures. In other parts, as in the lungs, in fat, and in 
secreting glands, the meshes are rounded or polygonal, with no one dimensioii 
greatly predominating. In the papillas of the skin and mucous membranes, the 
vessels of the network are often drawn out into prominent simple or ramified loops. 

The smallest arteries and veins pass by gradual transition into the capillaiy 
vessels, and their finest ofisets approach very near to these in structure ; these may 
therefore be conveniently considered along with the capillary vessels. 

Straetnre of the capillaries. — ^The wall of the capillaries proper is formed 
entirely of a simple epithelial layer, composed of flattened lanceolate cells joined 
edge to edge^ and continuous with the corresponding layer which lines the arteries 




Fig. 428.— Capillary vessels ibom the bladdbe of the gat, 
VAaEXf lED (after ClinonazciewBkj). 

The outlines of the cells are stained by nitrate of sUver. 

and veins. The outlines of the cells or their lines of 
junction one with another may be made apparent by 
nitrate of silver (fig. 428) ; while the nuclei, which 
show a well-marked network of karyoplasm, may be 
brought into view by logwood or carmine. Commonly 
there are not more than two or three such cells in the 
cross section of a capillary. At the points of junc- 
tion of the capillaries the cells are usually broader 
and not spindle-shaped, but radiate, with three or 
four pointed branches fitting in between the cells of 
the three or four adjoining vessels which meet at the 
spot (fig. 428, c, c, c'). 

In capillaries which have been submitted to the action of nitrate of silver, there is here 
and there to be seen between the cells of the capillary wall an increase in amount of the inter- 
cellular substance, appearing as an enlargement of the fine line of the silver deposit. To these 
gaps in the capillary wall, which however are closed by intercellular substance, J. Arnold has 
applied the term " stigmata ; " they are analogous to the " pseudo-stomata " found between 
the cpithelium-oells of a serous membrane. It is probable that the white blood corpuscles, 
when migrating from the blood-vessels, pass between the epithelium-cells, especially in the 
situation of the stigmata. 

Branched cells of the surrounding areolar tissue are found connected intimately with the 
cells forming the capillary wall. This connection occurs almost everywhere, but it is more 
obvious in parts which are pervaded by a supporting network of retif orm connective tissue, 
such as the substance of the lymphatic glands, the solitary and agminated intestinal glands 
and adjacent mucous membrane, where the sxnaU vessels and capillaries may even obtain a 
continuous covering from the reticulating processes of the cells. This coating has been named 
by His, adventitia capillar it. 

Outgrowths from the capillary wall have been described by Strieker as occurring not only 
in the progress of development, in the manner to be afterwards detailed, but also in the f ullj 
developed capillaries of the frog ; and contraction both of the whole capillary wall and also of 
the individual cells of young capillary vessels has been described (Strieker, Taichanoff)t 
but it is not known whether the walls of the capillaries of the adult mammal possess any 
appreciable contractility. 

Stneture of the mudl arteries and ▼eins. — In vessels a little lai]ger 
than the capillaries, there is added outside the epithelial layer, a layer of plain 
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mugcnlar tissue, in form of the usual long contractile fibre-cells, which are directed 
across the length of the vessel The elongated nuclei of these cells may be 
brought into view by means of acetic acid or by staining fluids (fig. 430). This 
layer corresponds with the middle coat of the larger vessels. In the smallest 
vessels in which it appears the muscular cells are few and apart, and a single long 
cell may turn spirally round the tube (Lister) ; in larger vessels, especially those of 



Fig. 429. — A SMALL ARTBBT A, 
AKD VEIN V, FROM THE SUB- 
OUT AITXOUS 00 HKECTIYB TISSUE 
OF THE RAT. TREATED WITH 
KITRATE OF 8ILTER. 175 

DIAMETEE& (£. A. S.) 

a, a\ epithelium-cellB with 6, 
h\ their nuclei ; tn, m, transTenie 
markings due to staining of sab- 
stance between the mnacnlar fibre- 
cells ; 0, e, nuclei of connectire 
tissue corpuscles attached to ex- 
terior of ressel. 

the arterial system, the mus- 
cular cells are more closely 
arranged. Outside the mus- 
cular coat is the areolar or 
connective tissue coat, con- 
taining fibres and connec- 
tive tissue corpuscles, with 
longitudinally placed nuclei. 
In vessels of ^V of an 
inch in diameter, or even 
less, the elastic layers of 
the inner coat may be dis- 
covered (fig. 430, A, a), in 
the form generally of homo- 
geneous or fenestrated mem- 
brane, more rarely of longi- 
tudinal reticulating elastic 
fibres. The small veins 
differ from arteries of cor- 
responding size, chiefly in 
the inferior development of 
their muscular tissue ; the lining cells of the arteries also are very much longer 
and narrower than those of the veins. These differences, as well as the compara- 
tive size of corresponding vessels, are well shown in the accompanying figures (429 
and 480). 




f 



The only open communication between the arteries and the veins, is by means of capillary 
vessels as above described, unless in the maternal part of the placenta and in the interior of 
erectile org^ans, in which small arteries may open directly into wide venous cavities without 
the intervention of capillaries. Moreover, in the spleen the arterial capillaries do not at once 
pass into the commencements of the veins, but open into the interstices of the organ, from - 
which the minute veins collect the blood. 

But it would appear that in certain parts small arteries may pass into small veins without 
the intervention of true capillaries (Sucquet, Hoyer). 

Arterial glands, — ^At the upper end of the common carotid (carotid gland) and in front of 
the apex of the coccyx {coccygeal gland, Luschka), are found smalls py d-^i^king bodies of a 
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somewhat glandular appearance, but composed almost entirely of a plexus of minute arteries, 
which are derived in the one ca«e directly from the carotid, in the other from the middle 
sacraL The plezif orm vessels are invested by one or more layers of granular polygonal cells, 
apparently like those found in the interstitial tissue of some other organs (testis, oraiy, 




Fig. 430. — ^A SMALL A&TBRT A, WITH A CORRBSPOKDIITO VEIN B, TRKATBD WITH ACETIC AOID, AlTD 

XAQKIFIBD 850 DIAMETERS (after KolUker). 

a, external coat with elongated nuclei ; fi, nuclei of the tranHverse mascnlar tissue of the middle 
coat (when seen endwise, as at the sides of the vessel, their outline is circular) ; y, nuclei of ihfi 
epithelium-cells ; 8, elastic layers of the inner coat. 

thyroid, suprarenal bodies). The whole is invested by connective tissue, which also penetrates 
between the vessels of the so-called gland, and itself contains numerous granular cells. The 
true nature and function of these peculiar structures is entirely unknown, but they are 
probably of embryological significance. 



DXVBIiOPMSMT OF BIiOOD-VIBBBXLB, 

The first vessels which appear in the ovum are formed in the mesoblast, and the 
process subsequently goes on in the same layer and in its derivatives in all parts of 
the animal body. New vessels, also, are formed in the healing of wounds, in the 
restoration of lost parts, and in the production of adventitious growths. The 
process is in every case essentially the same. 

The first vessels of the embryo, both of the chick and mammal, are formed in 
the vascular area, and originate from some of the cells of the mesoblast in that 
situation (fig. 481). Vacuoles are formed within the cells, and as they increase in 
size run together, and a cavity filled with fluid is in this way produced in the 
interior of the cell. The nucleus of the cell has meanwhile become multiplied, 
while blood-corpuscles are formed within the cell-cavity in the manner already 
described in connection with the blood (p. 217). The cells, whilst these changes are 
going on, increase largely in size, especially in the chick, where they form vesicles 
(fig. 432), visible to the naked eye as minute reddish specks, which have been 
known since the time of Pander as "blood-islands." The cells are united to one 
another by their processes, and after a time the cavities become extended into the 
cell-processes, so that a network of vessels is by this means produced. 

The wall of these primary vessels is therefore composed at first merely of the 
protoplasm of the original embryonic cells with nuclei, derived by division from the 
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original nuclei of those cells, imbedded in it here and there. Subsequently the 
protoplasm becomes differentiated around the nuclei into the flattened ceUs which. 




Fig. 431. — Part of thx hetwork of dkvblopino blood-vsssxls in thk vascular arba of trr 

GUiintA-Pxa. (E. A. S.) 

Uf blood-corpoBcIes becoming free in on enlarged and hollowed-out part of the network. The amaUer 
figure on the left represents a of the larger figure, more highly magnified, showing the Tacnolation 
of the cell ; d^ a nucleus within it undeigoing dirision. 

compose the wall of the capillaries, and which form the lining membrane of the 
arteries and veins. The remaining coats of the larger vessels are developed later, 




Fig. 432. — Cells from middle later of chick's 

BLASTODBRX UKDEROOINQ DETELOPXKNT IKTO 

BLOOD-VESSELS. Maohifibd. (Klein.) 

ff, cavity of ceU ; 6, wall of cell ; /, /, cells not 
yet hoUowed out ; ci, blood-corpuscles. 

from other cells which apply themselves 
to the exterior of the previously simple 
endothelial tubes and produce the plain 
muscular and other tissues of which those 
coats consist. 

Within the body of the embryo, vessels 
are formed in like manner from cells 
within the connective tissue, especially in 
rapidly growing vascular organs like 

the liver. One of the most favourable objects for the study of the develop- 
ment of the blood-vessels and their contained blood-corpuscles is afforded by the 
subcutaneous tissue of the new-bom rat, especially those parts in which fat is 
being deposited. 

Here we may observe that many of the connective tissue corpuscles are much 
vacuolated, and that the protoplasm of some of them has a decided reddish tinge 
(fig. 433, h). In others the red matter has become condensed in the form of 
globules within the cells {h\ h", &c.), varying in size from minute specks to sphe- 
roids of the diameter of a blood-corpuscle, or more. At some parts the tissue is 
completely studded with these cells, each containing a number of such spheroids, and 
forming, as it were, " nests " of blood-corpuscles or minute " blood-islands." The 
cells become elongated and pointed at their ends, sending out processes also to unite 
with neighbouring cells. At the same time the vacuoles in their interior become 
enlarged, and coalesce to foim a cavi^^y within the cell (fig. 434, a), in which the 
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reddish globules, which are now becoming disk-shaped (b), are found. Finally the 
cavity extends through the cell-processes into those of neighbouring cells and into 
those sent out from pre-existing capillaries (fig. 484, c), but a more or less extensive 







Fig. 433. — CoXXENCINa DBTBLOPXINT of AiraiOBLASTIO CONKBOTITE tissue cells into BL00D-TE88XLS. 
FbOX the 8UBCUTAKB0US TISSUE OF THE HBW-BORN RAT. (E. A. S.) 

hf a cell containing haemoglobin in a diffased form in the protoplasm ; h\ one containing coloured 
globules of varying size, and vacuoles ; A", a cell filled with coloured globules of nearly uniform i ~ 
/, /', developing fat cells. 



Fig. 434.- 



-FURTRER DBTELOPMBNT OF COKNEOTIVE TISSUE CELLS INTO CAPILLARY BLOOD-' 
(E. A. 8.) 



a, an elongated cell with a cavity in its protoplasm occupied by fluid and by bloodH^rpnscles which 
are still globular ; b, a hollow cell Uie nucleus of which has multiplied. The new nuclei are arranged 
around the wall of the cavity, the corpuscles in which have now biBcome discoid ; c, shows the mode of 
union of a " hsemapoietic ^* cell, which in this instance contains only one corpuscle, with the prolongm- 
tion (6Q of a previously existing vessel, a, and c, from the new-bom rat ; b, from the foetal sheep. 




Fig. 435. — IbOLATBD CAPILLARY NETWORK FORMED BY THE JUNCTION OF SEVERAL HOLLOWED-OUT 
CELLS, AND CONTAINING COLOURED BLOOD-CORPUSCLES IN A CLEAR FLUID. 

c, a hollow cell the cavity of which does not yet communicate with the network ; p, p, pointed ceU- 
processes, extending in different directions for union with neighbouring capillaries. 

capillary network is often formed long before the connection with the rest of the 
Tascular system is established (fig. 435). Toung capillaries do not exhibit the well- 
known lines when treated with nitrate of silver, for the differentiation of the hollowed 
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cells and cell-prooesses into flattened cellular elements is usually a subsequent 
process. 

The mode of extension of the yascular system in growing parts of older animals, 
as well as in morbid new formations, is quite similar to that here described, except 
that blood-corpuscles are not developed within the cells which are forming the 
blood-vessels. 

The blood-vessels may be said to increase in size and capacity in proporbion to the demands 
made on their senrice. Thus, as the ntems enlarges in pregnancy, its vessels become 
enlaziged, and when the main artery of a limb is tied, or otherwise permanently obstmoted, 
collateral branches, originally small and insignificant, augment greatly in size, to afford 
passage to the increased share of blood which they are required to transmit, and by this adap- 
tation of them to the exigency, the circulation is restored. In such cases, an increase takes 
place in length, as well as in diameter, and accordingly the vessels very commonly become 
tortuons. 
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LYMPHATIC SYSTEM. 

Under this head are incladed not only the vessels speciallj called lymphatics or 
absorbents, together with the glands belonging to them, bnt also those named lacteal 
or chyliferous, which form part of the same system, and diflfer in no respect from the 
lymphatics, save that they not only carry lymph like those vessels, but are also 
employed to take up the chyle irom the intestines during the process of digestion and 
convey it into the blood. The serous and synovial membranes may also be con- 
veniently described along with the lymphatic system, since they are — especially the 
serous membranes — in close relationship to the lymphatics. 

A system of lymphatic vessels is superadded to the sanguiferous in all classes of 
vertebrated animals, but this is not the case in the invertebrata ; in many^of these, 
the sanguiferous vessels convey a colourless or nearly colouriess blood, but no 
additional class of vessels is provided for conveying lymph or chyle. 

Distribution. — In man and those animals in which they are present, the 
lymphatic vessels are found in nearly all the textures and organs which receive 
blood ; the exceptions are few, and with the progress of discovery may yet possibly 
disappear. It is, however, with the connective tissue of the several textures and 
organs that the lymphatics are most intimately associated ; indeed, as we shall 
immediately have occasion to notice, these vessels may be said to take origin in 
spaces in that tissue. The larger lymphatic trunks usually accompany the deeply- 
seated blood-vessels ; they convey the lymph from the plexuses or sinuses of origin 
towards the thoracic duct. The principal lymphatic vessels of a part exceed the 
veins in number but M short of them in size ; they also anastomose or intercom- 
municate with each other much more frequently than the veins alongside of which 
they run. 

It not unfrequently happens that a lymphatic vessel or a close interlacement of 
lymphatic vessels, may ensheath an artery or vein either partially or wholly. In thi« 
case the lymphatic is termed " perivascular." 

Origin. — Two modes of origin of lymphatic vessels are described, viz., the 
plexifarm and the lacunar or iniersiitialy but no sharp line of distinction can be 
drawn between them, the difference depending chiefly upon the nature of the tissue 
or organ to which the lymphatics are distributed. Thus in flat, membranous or 
expanded parts, the lymphatic vessels usually form a network which is situated either 
in a single plane, as in many parts of the serous membranes, or in two or more 
planes united by intervening vessels, as in the skin and some mucous membranes. 
In the latter case the strata are generally composed of finer vessels, and form a closer 
network the nearer they are to the surface of the membrane in which they are dis- 
tributed, but even the most superficial and finest network is composed of vessels 
which are larger than the sanguiferous capillaries. 

The lymphatics of origin are often very irregular in size and shape (fig. 436, ^ e). 
In them the lymph is collected, and it is conveyed away from the tissues and organs 
by more regular vessels provided with valves (fig. 436, a), which again combine to 
form larger lymphatic trunks. 

Here and there vessels are seen joining the plexuses of origin which arise in the 
tissue by a blind and often irregular extremity. A long-known and well-marked 
example of such a mode of commencement is to be found in the lacteals of the 
intestinal villi, which, although they form networks in the larger and broader villi, 
arise in others by a single vessel beginning with a blind or closed extremity at the 
free end of the villus, whence it sinks down to join the general plexus of the intes- 
tinal membrane. 
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On the other hand in the more solid organs the lymphatic vessels oocnpj the 
interstices of the organ, and in manj cases lose in great measure their character of 
distinct tabular canals, and appear simply as cleft-like spaces ; these are, however, 
always bounded by an endothelial layer, like that which lines the lymphatic vessels 
elsewhere. 

The lacunar mode of origin of lymphatics was first described in the testicle by 




Fig. 436.— Ltxphatio plexus of central tendon of diaphragm of babbit, pleural sipi. 

(Klein.) Maonified. 

a, larger Tessels with lanceolate cells and nnmerons ralves ; b, c, lymphatics of origin, with wavy- 
bordered celit. Here and there an isolated patch of siroilar cells. 

Ludwig and Tomsa, and it is now known to be characteristic of most glandular 
organs. Occupying everywhere the interstices of the penetrating connective tissue, 
the lymph bathes the exterior of the tubules or alveoli of the gland, in many parts 
even separating them from the capillary blood-vessels, so that the exchanges of 
material between the plasma of the blood and the secreting cells of the gland must 
be carried on through the intermedium of the lymph in these spaces. A network of 
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lymphatic spaces is also met with between the anastomosing muscular fibres of the 
heart. 

What may be regarded as a third mode of origin of lymphatics is to be found in 
the open communications which subsist between the serous cavities and the lym- 
phatic vessels in their walls. These orifices or atomata^ which will be described with 
the serous membranes, allow of the passage of lymph from the serous cavities into 
the lymphatics, so that those cavities may^ in a certain sense, be looked upon as 
large lymph lacunae. Owing to this communication fluid is not, under normal cir- 
cumstances, suffered to accumulate in them. 

In some of the lower animals the lacunar condition of lymphatics has been lon^ known. 
Busconi found that the aorta and mesenteric arteries of amphibia are inclosed in large lym- 
phatic spaces. Johannes MUller recognised the spaces which so eztensiTely separate the frog's 
skin from the subjacent muscles as belonging to the lymphatic system, and Becklinghausen 
showed that the subcutaneous lymph-sxmoes of the f rog^s leg communicate with lymphatic 
vessels which envelope the blood-vessels of the foot ; also that milk injected into these spaoei 
finds its way into the blood. The lymphatic system, in being thus constituted by lacuns or 
interstitial receptacles, so far agrees with the sanguiferous system of crustaceans and insects. 

Stmotiira. — In structure the larger lymphatic vessels much resemble the veins, 
except that their coats are thinner, so thin and transparent indeed that the con- 
tained fluid can be readily seen through them. When lymphatics have passed out 
from the commencing plexuses and lacunae, they are found to have three coats. The 
internal coat is covered with an epithelial lining (endothelium), consisting of a single 
layer of flattened nucleated cells, which have mostly an oblong or lanceolate figure, 
with an indented or bluntly serrated border, by which the adjacent celk fit to each 
other (fig. 486, a). Outside the endothelial layer the inner coat is formed of a layer 
or layers of longitudinal elastic fibres. The middle coat consists of plain muscidar 
tissue disposed circularly, mixed with finely reticulating elastic fibres taking the 
same direction. Over the dilatations which occur in the vessels beyond each of the 
valves, the circular disposition of the muscular fibres gives place to a more irregular 
disposition, taking the form of an intricate interlacement of fibres. The external 
coat is composed mainly of white connective tissue with a sparing intermixture of 
longitudinal elastic fibres, and some longitudinal and oblique bundles of plain 
muscular tissue. In the thoracic duct there is a sub-epithelial layer (as in the 
arteries) ; and in the middle coat there is a longitudinal layer of white connective 
tissue with elastic fibres, immediately within the muscular layer. The muscular 
fibres of the middle coat, although for the most part transverse in direction, are 
nevertheless many of them oblique or even longitudinal. 

The largest lymphatics have blood-vessels ramifying in their outer coat. 

The commencing lymphatics or lymphatic capillaries, whether in plexuses or 
single (as in the villi), have a much simpler structure, their wall being entirely 
formed of a layer of endothelium either similar in form to those lining the larger 
vessels or (more frequently) presenting a characteristic waved border like the 
epidermic cells of grasses and some other plants (fig. 437). 

GaskeU has described an attachment of elastic fibres to the walls of smaller lymphatics in 
some parts, and infers that the patency of the lumen of these vessels may by this means be 
restored after it has been temporarily obliterated by pressure (or by contraction of the muscular 
coat). 

Valves. — The lymphatic and lacteal vessels are furnished with valves serving 
the same office as those of the veins, and for the most part constructed afi^r the same 
fashion. They generally consist of two semilunar folds arranged in the same way as 
in the valves of veins already describedi but deviations from the usual structure here 
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and there occur. A difference is found in the epithelium upon the two surfaces of 
the valves similar to that which has been noticed in the valves of the veins. 

Valves are not present in all lymphatics, but where they exist they follow one 
another at much shorter intervals than those of the veins, and give to the lymphatics 
when distended, a beaded or jointed appearance. Valves are placed at the entrance 

Pig. 437. — Part of a lymphatic 

YICaSKL IN TBI PLEURAL COYIRIRO 
• OF THB DIAPHRAQM. ^\\ (Rail- 

yier.) 

Z, Lf the lymphatie Tessel with 
characteristic epithelium ; e, cell- 
spaces of the coDnective tiasiie. 

of the lymphatic trunks into 
the great veins of the neck. 
They are generally wanting 
in the reticularly arranged 
vessels which compose the 
plexuses of origin already 
spoken of ; so that fluid in- 
jected into one of these vessels 
runs in all directions, so as to 
fill a greater or a less extent 
of the plexus, and passes along 
the separate vessels which 
issue from it. 

The lymphatics of fishes and amphibia are, generally speaking, destitute of 
valves, and may therefore be injected from the trunks ; and valves are much less 
numerous in the lymphatics and lacteals of reptiles and birds than in those of 
mammiferous animals. 

Brelation of the lympliatics of origin to the cells and oaU-spaeas of the 
oonnaotiva tiMne. — It has been already stated (p. 233) that the cells of the con- 
nective tissue lie in spaces in the ground-substance which they more or less com- 
pletely fill. These cells and cell-spaces form in many parts an intercommunicating 
network of varying fineness extending throughout the substance of the tissue (fig. 
437, c, fig. 438, rf, d, fig. 439, e, c\ whilst in other parts the cells acquire a broad 
flattened form, and joining edge to edge with other similar cells may in this way 
form an epithelioid patch in the ground substance. Not unfrequently the cells in 
such a patch take on the wavy border described above as met with in the lymphatics 
of origin (see the isolated patches in fig. 436). Further, the flattened cells which 
form the walls of the lymphatics are connected here and there both with the more 
ramified cells of the tissue (tig. 438, e) and with those which form the epithelioid 
patches, and in silvered preparations they appear to be continuous with one another. 
The epithelioid patches look in fact like a part of the lymphatic vessels, and are 
often regarded as such ; it must be understood, however, that the spaces here 
spoken of, whether containing single cells or groups, are not true vesseh, but merely 
vacuities in the groundnsubstance of the tissue containing flattened cells, which do 
not form a continuous vascular wall. And although the spaces present a very close 
relation to the lymphatic vessels, they can hardly be considered as actually opening 
into them by patent orifices, for the lymphatics proper have a complete wall of 
flattened cells united by a small amount of intercellular substance : at the same time 
this thin film can offer but a very slight resistance to the passage of fluid from the 
tissue into the vessel, or even to the passage of leucocytes or migrating oells, which, 
as is well known, penetrate the at least equally closed wall of the blood-vessels. 
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It has been a question whether the oell-spaces of the connective tissue are in every case 
and completely filled by the cells, or whether the spaces may in some cases be either devoid of 
cells alto$rether, or but partially occupied by them ; so that room is left for the free passage 
of fluid. On this point we would remark that in many cases it is impossible, to observe a 
dijfference between the forms of the cells as shown by the gold method, and those of the sptwe* 
as shown by treatment ¥rith nitrate of silver, so tiiat in these instances, at least, no oi)en 
lymph-passage can be said to exist ; but in other cases the spaces are relatively larger, and 
here, no doubt, the part unoccupied by the contained cell may be filled by fluid. In 
(edematous conditions of the tissue, the cell-spaces become somewhat distended with serous 
fluid, and then in all cases they appear distinctly larger than the cells. Even where the Soft- 
can'dlcheii or lymphatic canaliculi (which correspond with our cell-spaces) are completely filled 
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Fig. 438.— Nitrate of silver preparation from rabbit's omentum. (Klein.) Magnifibd. 

a, lympbatic vessel ; 5, artery ; c, capillaries ; ci, branched cells of tbe tissae which are seen to be 
connected botb with the capillary walls, and, as at <;, with the lymphatic. The cells are, in this 
instance, stained by the nitrate of silver. 



by protoplasmic cells, lymph can still readily find its way between the cells and the ground- 
substance by which Uiey are closely surrounded. In other cases where the cells incompletely 
fill the cavities, a freer passage is left for both fluid and migratory corpuscles. 

A point still more difficult to decide is the existence or not of an open communication 
between the areolsB of the connective tissue and the lymphatic vessels. The result of the 
injection of coloured fluids into the meshes of the areolar tissue in many parts would lead to 
the conclusion that some such communication may really exist, for the injection most gene- 
rally finds its way into the lymphatics. But it is very difficult to demonstrate such a oon- 
nection anatomically, and up to the present time it can scarcely be said to be proved. It must 
be remembered that the ground-substance of the connective tissues is itself by no means 
impermeable to fluids, nor as we have just stated can it be supposed that the delicate walls of 
the commencing lymphatics can oppose any material obstacle to the passage of fluid into 
their cavity. 
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Terminatioiis of lympliatios. — The absorbent system discharges its contents 
into the veins at two points, namely, at the junction of the subclavian and internal 
jugular veins of the left side by the thoracic duct, and at the corresponding part of 
the veins of the right side by the right lymphatic trunk. The openings, as already 
remarked, are guarded by valves. It sometimes happens that the thoracic duct 
divides, near its termination, into two or three short branches, which open separately, 
bat near each other ; more rarely, a branch opens to the vena azygos — indeed the 
main vessel has been seen terminating in that vein. Again it is not uncommon for 
larger branches, which usually join the thoracic duct, to open independently in the 
Ficinity^of the main termination ; and this is more apt to happen with the branches 




Fig. 439. — Portion or skrous mixbrahk of diaphraox (plkural) from the rabbit, trkatbd with 

TITRATE OF SILVER AFTER REMOVAL OF SUPERFIOIAL EPITHELIAL LATER. (ReckUnghaasen.) 

c, e, cell-spaces of tissue ; d^ d, commencing lymphatic vessels connected at 5, 5, with the cell- 
«paces. 

which usually unite to form the right lymphatic trunk. By such variations the 
terminations in the great veins are multiplied, but still they are confined in man to 
the region of the neck ; in birds, reptiles, and fishes, on the other hand, communi- 
cations take place between the lymphatics of the pelvis, posterior extremities and 
tailf and the sciatic or other considerable veins of the abdomen or pelvis. 

Iiymphatio hearts. — J. Miiller and Panizza, nearly about the same time, but indepen- 
dently of each other, disoovered that the lymphatic sjrstem of reptiles is famished, at its 
principal terminations in the venous system, with pulsatile muscular sacs, which serve to 
dischargee the lymph into the veins. These organs, which are named lymph-hearts, 
have now been found in all the different orders of reptiles and amphibia, and also in 
birds, but not in any mammal. In frogs and toads two pairs have been discovered, a 
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posterior pair, situated in the sciatic region, which ponr their lymph into a branch of the 
sciatic or of some other neifrhbooring vein, and an anterior more deeply-seated pair, placed 
over the transverse process of the ^ird vertebra, and opening into a branch of the jogular 
vein. The parietes of these sacs are thin and transparent, but contain muscular tissue, which 
here and there appears obscurely striated, decussating in different layers, as in the blood-heart. 
In their pulsations they are quite independent of t^e latter organ, and are not even ayn- 
chronous with each other. In salamanders, lizards, serpents, tortoises, and turtles, only a 
posterior pair have been discovered, which, however, agree in all essential points with those of 
the frog. In the goose, and in other species of birds belonging to different orders, Panizza 
discovered a pair of lymph-sacs opening into the sacral veins, and Stannius has since found 
that these sacs have striated muscular fibres in their parietes. Nerve-fibres, both dark-bordered 
and pale, have been observed in the lymph-hearts of the frog, and also nerve-cells in those of 
the common tortoise (Waldeyer).^ 

IleTelopmant of lymphatio vassals. — ^The development of lymphatic 
capillaries has been studied bj Klein in the serous membranes. He finds tl^ the 
process is similar to that of the development of blood-vessels. A vacuole is formed 
within one of the cells of the connective tissue, and becomes gradually larger, so as 
ultimately to produce a cavity filled with fluid, with the protoplasm of the cell 
thinned out to form the wall of the vesicle thus produced. From this protoplasmic 
wall portions are said to bud inwards into the cavity, eventually becoming detached 
as lymph corpuscles ; it is more probable, however, that the lymph corpuscles 
which are seen in the developiug lymphatics have '* wandered in/' as in the case of 
the white corpuscles of the blood. Meanwhile the nucleus of the cell has become 
multiplied, and the resulting nuclei are regularly arranged in the protoplasmic wall, 
which now exhibits, on treatment with nitrate of silver, the well-known wavy epitheh'al 
marking characteristic of the lymphatic capillaries. To form vessels, the vesicles 
become connected with one another by means of processes into which their cavities 
extend. 

The cells lining these lymphatic vesicles, which are common in the mesogastrium of the 
frog and toad in the winter season bear, in the female of those animals, cilia directed inwards 
towards the cavity of the vesicles. As the development into vessels proceeds, the cilia 
disappear (Klein). Bemak, who first noticed these ciliated vesicles, took them for cysts in the 
membrane. 

LYMPHATIC QLANDS. 

Lympliatio glaads, formerly named also conglobate glands, and by modem 
French writers lymphatic ganglionar are small solid bodies placed in the course of the 
lymphatics and lacteals, through which the contents of these vessels have to pass 
in their progress towards the thoracic or the right lymphatic duct. These bodies 
are collected in numbers alongside of the great vessels of the neck, and also in the 
thorax and abdomen^ especially in the mesentery and alongside of the aorta, vena 
cava inferior, and iliac vessels. A few, usually of small size, are found on the 
external parts of the head, and considerable groups are situated in the axilla and 
groin. Some three or four lie on the popliteal vessels, and usually one is placed a 
little below the knee, bub none farther down. In the arm they are found as low as 
the elbow joint. 

The lymph of some lymphatic vessels has to traverse two, three, or even more 
lymphatic glands before reaching the thoracic duct, whilst, on the other hand, there 
are lymphatics which enter the thoracic duct without having traversed any gland in 
their way. 

The size of lymphatic glands is very various, some being not much larger than 

> MUller*8 description is to be found in the Philosophical Transactions for 1838 ; Panizza's in a special 
memoir on the Lymphatic System of Reptiles, pablished in the same year. For a more complete account 
of the lymphatic hearts of the frog, the reader is referred to the " Le9on8 d'Anatomie (Hn6nle," 
delivered by Prof. Banrier in the College de France in 1877-78, and published in 1880, and to the 
.** Tndt6 Technique " of the sune author, 2nd edition, published in 1889. 
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a hempseed, and others as large as an almond or a kidney bean^ or even larger than 
this. In shape, too, they present differences, bnt most of them are round or oval. 

The lymphatics or lacteals which enter a gland are named inferent or afferent 
vessels (vasa tnfermtia sea afferentia), and those which issue from it efferent vessels 
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Fig. 440. — Diagrammatic section of lymphatic gland. (Sharpey.) 

a.l^ afferent ; e.l, efferent lymphatics. C, cortical Bnbstanc^. M, reticulating cords of medullary 
substance. Lt, lymph-sinus ; c, fibrous coat sending trabeculse, tr, into the substance of the gland. 




(vasa efferentia). The afferent vessels (fig. 440, a.l), on approaching a gland, 
divide into many small branches, which enter the gland ; the efferent vessels 
commonly leave the gland in the form of small branches, and at a little distance 

Pig. 441. — Section op a mksbntbrig gland prom the ox, 

SLIGHTLY MAQNXPIKD. (Kollikcr.) 

a, hilum ; 6, medullary substance ; c, cortical substance 
with indistinct alveoli ; d, capsule. 

beyond it, or sometimes even before issuing 
from it, unite into one or more trunks {e, I), 
usually larger in size but fewer in number than 
those of the afferent vessels, ^,^>^ /" 

A lymphatic gland is covered externally with '^ 

a coat (figs. 440, 442, c) composed of connective 

tissue, mixed, in certain animals, with muscular fibre^cells. This coat or capsule 
dips into the interior of the gland at the place where the larger blood-vessels 
and the efferent lymphatics pass into and out of the organ ; and this part of 
the gland, which often has a depression or fissure, is named the hilum (fig. 441, a). 
The proper substance of the gland consists of two parts, the cortical (fig. 440, C), 
and within this the medicllary (M), The cortex occupies all the superficial part of 
the gland, except the hilum, and in the larger glands may attain a thickness of one 
or two millimeters. The medullary portion occupies the centre and extends to the 
surface at the hilum. It is most developed in the inwardly-seated glands, such as 
the lumbar and mesenteric, whilst in the subcutaneous glands it is more encroached 
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upon by the connective tissue which enters with the larger blood-vessels at the hilnm, 
and surrounds them, together with the lymph-vessels, in the centre of the gland, 
so that in these the medullary part is reduced to a layer of no great thickneas 
bounding inwardly the cortical part. 

Throughout both its cortical and medullary part the gland is pervaded by a 
trabecular frame-work which incloses and supports the proper glandular substance. 




Fig. 442.— Section op a mbsekteric olakd of the ox (magnified 12 diametebs). After Hi». 
The Beciion inclades a portion of the cortical part, A, in its whole depth, and a smaller portion of 
the adjoining meduUary part, B ; c, c, outer coat or capsule sending partitions into the cortical part, 
eventuallj forming the trabecule, t, t, which are seen mostly cut across ; cf, d, the glandular snbstance 
forming nodules in the cortical part, A, and reticulating cords in the medullary part, B ; 1,1, lymph- 
sinus or lymph-channel, left white. 

The trabeculw pass inwards from the capsule (fig. 440). They consist, in the or 
and most animals, chiefly of plain muscular tissue ; in man, of connective tissue, 
sparingly intermixed with muscular flbre-cells. In the cortical part they are mostly 
lamellar in form, and partially divide the cortex up into separate nodules from ^V 
to ^ of an inch in diameter, which communicate laterally with each other through 
openings in the imperfect partitions between them (fig. 442, a). On reaching the 
medullary part the trabecule take the form of flattened bands or rounded cords, 
and by their conjunction and reticulation form a freely intercommunicating mesh- 
work throughout the interior. (In figure 442 they are represented mostly as cut 
across.) In the interstices of the framework which is thus formed by the capsule 
and trabeculae is included the proper glandular suhstancBj which appears as a 
tolerably firm pulp or parenchyma, composed of lymphoid tissue. Within the 
cortical part this forms rounded nodules (cortical nodules or follicles) (hg.^A2, a, d) ; 
in the trabecular meshes of the medullary part it takes the shape of rounded cords 
(lymphoid cords) joining in a corresponding network (fig. 442, b) ; and, as the 
containing meshes of the framework inter-communicate, so the contained gland- 
pulp is continuous throughout. But both in the cortical and the medullary parts, 
a narrow space, left white in the figs, (fig, 440, Ls ; 442, ^ Z), is left all round the 
gland-pulp, between it and the trabeculse, such as would be left had the pulp shrunk 
away from the inside of a mould in which it had been cast. This space is both a 
receptacle and a channel of passage for the lymph that goes through the gland ; it 
is named the lymph-sinus^ or lymph-channel. It is traversed by retiform connectiye 
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tissue (fig. 440 ; fig. 443, r), the fibres of which are for the most part covered 
and concealed in the nataral condition by ramified cells, and is filled with finid 
lymph, containing many lymph-corpuscles, which may be washed out from sections 
of the gland, so as to show the sinus, while the firmer gland-pulp, which the sinus 
surrounds, keeps its place. The proper glandular substance is also pervaded and 




Fig. 443.— Rkticulum prom the mbdullary part op a ltvphatio glahd. (K. A. 8.) 

tr, end of a trabecula of fibrous tissue ; r, r, open reticulum of the Iymph*path, continuous with the 
fibrils of the trabecaU ; )-^, r', denser reticulum of the meduUary lymphoid cords. The cells of the tissue 
are not represent^, the figure being taken from a preparation in which only the connective tissue fibrils 
and the reticulum are stained. 

supported by fine retiform tissue (figs. 443, /, 445, a), communicating with that of 
the surrounding lymph-sinus, but marked off from it by somewhat closer reticula- 
tion at their mutual boundary, not so close, however, as to prevent fluids, or even 

Pig. 444. — End ov a pibrous trabkcula 

PROM THX SAMX VRBPARATION, SHOWING 
THE OOHTIHUITT OP THE OONNKOTIYR 
TI8SUB PIBRILS WITH THR RBTIOULUM : 
HIOHLT MAONIPIKD. (B. A S.) 

tr, trabecula ; r, reticulum. 

corpuscles, from passing from the 
one to the other. The gland-pulp 
is otherwise made up of densely 
packed lymphoid cells, occupying 
the interstices of its supporting 
retiform tissue, and usually exhibit- 
ing, especially at its peripheral parts, 
abundant evidence of the process of division and multiplication by karyokinesis. 
This lymphoid tissue is traversed by a network of capillary blood-vessels (fig. 445,rf,rf), 
which run throughout the proper glandular pulp, both cortical and medullary, but do 
not pass into the surrounding lymph-sinus. The lymphoid cells of the glandular 
pulp are similar in their general appearance to white blood- or lymph-corpuscles, 
except that their nucleus is relatively larger, and their protoplasm less in amount. 

The ramified cells which cover the retiform tissue of the lymph-sinus, often 
contain a considerable number of pigment-granules, especially in the medulla of the 
gland. The trabeculae themselves have a covering of fiattened cells, which on the 
side turned towards the lymph-channel are provided with processes to anastomose 
with those covering the retiform tissue. The inner surface of the capsule is also 
lined with fiattened cells, which are continuous at the entrance and exit of the 
lymphatics with the endothelium of those vessels. 

Arteries enter and veins leave the gland at the hilum, surrounded, in some 
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glands, as already said, with a dense investment of connective tissue. The arterial 
branches go in part directly to the glandular substance, but partly run along the 
trabeculae. The former end in the glandular capillary network above-mentioned, 
fix>m which the veins begin, and tend to the hilum alongside the arteries. The 
branches which run along the trabeculae are partly conducted to the coat of the 
gland to be there distributed ; but most of their branches pass to the glandular 
substance, the connective tissue of the trabecute which ensheaths them passing 
gradually into the lymphoid tissue of the pulp, so that this at first appears as a 




Pig. 445. — Sbction op the mkdullary substangb op a lyuphatic qland (ox). 300 diaxrtbrs. 

(Recklinghausen. ) 
a, a, a, follicular or lymphoid cords ; b, b, trabecuIsB ; <*, lymph-sinus ; d, d, blood-vessels. 

sheath to the arterial branch (as in the spleen). The latter soon, however, breaks 
up into capillaries which ramify in the gland-pulp, supported by its pervading 
retiform tissue, which forms an additional adventitious coat around the minute vessels. 
As to the lymphatics of the gland, the afferent vessels, after branching out upon 
and in the tissue of the capsule, send their branches through it to open into the 
lymph-sinuses of the cortex, and the efferent lymphatics begin by fine branches 
leading from the lymph-sinuses of the medullary part, and forming at the hilum a 
dense plexus of tortuous and varicose-looking vessels, from which branches proceed 
to join the larger efferent trunks. The lymph-sinus, therefore, forms a path for the 
passage of the lymph, interposed between the afferent and efferent lymphatics, 
communicating with both and maintaining the continuity of the lymph-stream. 
The afferent and efferent vessels, where they open into the lymph-sinus, lay aside 
all their coats, except the epithelial lining, which is continued over the trabeculae 
and the interior of the capsule. 

The chief differences of structure which are seen in lymphatic glands depend 
upon the relative amount and nature of the framework. Thus whereas in some 
animals both the capsule and the trabecule are strong and muscular, in others they 
are less developed and contain but little plain muscular tissue. In some animals 
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the trabecnlffi are alinosb or entirely absent, and the interior of the gland then looks 
in section like a continuons mass of lymphoid tissue, traversed by lymphatic channels. 

It is not unreasonable to presume that, in the proper glandular substance, there 
is a continual production of lymph-corpuscles, which pass into the lymph-sinus, 
and that fresh corpuscles are thus added to the lymph as it traverses the gland. 
This view is supported by the fact, that the corpuscles are found to be multiplying 
by karyokinesis within the pulp, and are more abundant in the lymph or chyle 
after it has passed through the glands. 

Other organs composed of lymphoid tissue. — Bodies which are similar in 
structure to lymphatic glands in so far that they are composed of a delicate retiform 
tissue, the interstices of which are closely packed with lymphoid cells, and are in 
intimate relation with the lymphatic vessels of the part, occur in many places. 
Thus, in the serous membranes, rounded nodules are here and there met with, 
which, as Klein has shown, are developed either around or at one side of an en- 
larged lymphatic {perilymphangial nodule, fig. 446, a), or in some cases even within 
the vessel {endolymphangial nodule, fig. 446, b). The retiform tissue which con- 
stitutes the framework of the nodule is connected with the wall of the lymphatic, 
and lymphoid cells accumulate in the interstices of the retiform tissue, where they 
uiultiply and ultimately form a dense mass of lymphoid tissue. 

The endolymphangial nodules, although small and simple in structure, closely 
recall the structure of one of tlie cortical nodules of a lymphatic gland ; for a path 




Fig. 446. — DETELOPiwa lymphatic (lymphanoial) nodules, from the omentum op a quinea-pio. 

(Klein.) 

A, perilymphatic nodule ; a, lymphatic vessel ; c, part of its epithelial wall, seen in optical section ; 
e, lymph-corpuscles within the vessel : 6, lymphoid tissue of the nodule ; df blood-capillaries. B, endo- 
lymphatic nodule ; a, vein ; 6, artery ; c, capillaries ; rf, a lymphatic vessel, in which this whole 
system of blood-vessels is inclosed ; e, lymphoid tissue within the lymphatic vessel ; /, wall of the 
lymphatic in optical section. 

or channel for the passage of lymph is left between the central accumulation of 
lymphoid tissue and the wall of the vessel, this path being bridged across by 
retiform tissue and branched cells ; and along it the lymph must pass very slowly, 
and come into intimate relation with the tissue of the nodule. In other cases the 
lymphoid tissue of the serous membranes is less circumscribed, occurring in the form 
of ill-defined patches or elongated ti-acts, which lie along the course of the small 
arteries and veins, receiving from the latter branches which form a capillary net- 
work within the tissue. 
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In mncous membranes, especially that lining the alimentary canal, conspicnons 
lymphatic nodules are met with in variuns parts, and here they have been long 
known. They occur either singly, as in the so-called solitary glands of the intestine, 
or collected into groups as in the agminated glands or patches of Peyer, or into 
thick masses as in the tonsils. In most of these cases the nodules are spherical or 
dome-shaped condensations of the lymphoid tissue which occurs in the substance of 
the mucous membrane, on the surface of which they may cause a distinct pro- 
minence ; they are usutdly found to be in close relation with the lymphatics of the 
membrane, being either partially surrounded by a large sinusilike lymphatic, or 
encircled by a plexus of lymphatic vessels. In the mucous membrane of the 
bronchial tubes lymphoid nodules are met with which are quite similar to those of 
the alimentary mucous membrane. In the spleen, tracts of lymphoid tissue, with 
lymphatics in connexion with them, ensheath the smaller arteries and are dilated 
at certain points into distinct nodules which haye here been long known as the 
Malpighian corpuscles of the spleen. Lastly the thymus gland seems to be chiefly 
composed in the young subject of lymphoid tissue having a more or less nodulated 
arrangement, although in the adult this organ is usually found to have become 
transformed into adipose tissue. 

It has been shown by Flemming that the nodular formations of lymphoid tissue 
are in all cases due to the rapid multiplication of cells which is occurring at the 
spots where they are found ; that they represent, in short, foci of multiplication. 

The further description of the lymphoid structures will be deferred untU the 
several organs where they occur are systematically treated of. 

SEBOXrS MEMBRANES. 

The serous membranes are so named from the apparent nature of the fluid with 
which their surface is moistened. They lie in cavities of the body which have do 
obvious outlet, and the chief examples of them are, the peritoneum^ the largest of 
all, lining the cavity of the abdomen ; the two pleune and the pericardium in 
the chest ; and the tunica vaginalis surrounding each of the testicles within the 
scrotum. 

The arachnoid membrane, which is a delicate connective tisBue membrane BurronndinfT the 
brain and spinal marrow in the bony cavities in which they are contained, was formerly 
reckoned amongrst the serous membranes ; but neither in the details of its structure, in ii» 
general disposition, nor in its development does it correspond with the other serous mem- 
branes. It is, therefore, no longer classed with them, but will be described with the other 
membranes investing the brain and spinal cord. 

Form and arrangement. — In all cases a serous membrane has the form of a 
closed sac, one part of which is applied to the walls of the cavity which it lines, the 
parietal portion ; whilst the other is reflected over the surface of the organ or organs 
contained in the cavity, and is therefore named the reflected or visceral portion of 
the membrane. Hence the viscera in such cavities are not contained within the sac 
of the serous membrane^ but are really placed behind or outside of it ; seemiug to 
push inwards the part of the membrane which immediately covers them, some 
organs receiving in this way a complete, and others only a partial and sometimes 
very scanty investment. 

In passing from one part to another, the membrane frequently forms folds which 
in general receive the appellation of ligaments, as, for example, the folds of 
peritoneum passing between the liver and the parietes of the abdomen, but which 
are sometunes designated by special names, as in the instances of the mesenteiy* 
mesocolon, and omentum. 

The peritoneum in the female sex, is an exception to the rule that serous mem- 
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branes are perfecfcly closed sacs, inasmuch as it has two openings by which the 
Fallopian tubes communicate with its cavity. 

A serous membrane sometimes lines a fibrous membrane, as where the serous 
layer of the pericardium adheres to its outer or fibrous part. Such a combination is 
often named SkfibrO'Seratis membrane. 

The inner surface of a serous membrane is free, smooth, and polished ; and^ as 
would occur with an empty bladder, the inner surface of one part of the sac is 
applied to the corresponding surface of some other part ; a small quantity of fluid, 
usually not more than merely moistens the contiguous surfaces, being interposed. 
The parts situated in a cavity lined by serous membrane, being themselves also 
covered by it, can thus glide easily against its parietes or upon each other, and their 
motion is rendered smoother by the lubricating fluid. 

The outer surface most commonly adheres to the parts which it lines or covers, 
the connection being effected by means of areolar tissue, named therefore ''subserous,'' 
whichy when the membrane is detached, gives to its outer and previously adherent 
surface a fiocculent aspect. The degree of firmness of the connection is very various : 
in some parts the membrane can scarcely be separated ; in others its attachment is 
so lax as to permit easy displacement. 

Btmotnro and propertias. — Serous membranes are thin and transparent, so 
that the colour of subjacent parts shines through them. They are tolerably strong, 




Fig. 447. — Endothelial latsa op omxhtum of rabbit. 

(B. A. S.) 
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with a moderate degi^e of extensibility and elasticity. They are lined on the inner 
snr&ce by a simple epithelial layer of flattened cells (endotheliuniy fig. 447), each of 
which contains a round or oval nucleus with one or two nucleoli, and an intranuclear 
network. The cells have, according to Klein, a comparatively coarse network of 
minute fibrils embedded in the otherwise clear cell-substance. The outlines of the 
cells may readily be brought into view by treatment with nitrate of silver. The 
lines of junction of the cells which are thus made evident, may be straight and even, 
but are most commonly slightly jagged or sinuous. Here and there between the 
cells apertures are to be seen, which are of two kinds. The smaller, which are also 
the more numerous, are occupied either by an accumulation of the intercellular 
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substanoe or by processes which are sent np to the surface of the membrane from 
more deeply lying cells {psevdostomata of Klein and Burdon-Sanderson) : the laiger 
ones, on the other hand, are true apertures {si(mata\ which are surrounded by a 
ring of small cubical cells (fig. 449, s, s'\ and open into a subjacent lymphatic 
vessel, either directly or by the medium of a short canal lined with similar cells. 
The ^surface cells of the serous membrane are not everywhere uniform in size, but 
patches are here and there met with in which they are smaller and more granular in 
appearance and it is in these parts that the stomata and pseudo-stomata are more 
frequently seen (figs. 448, 440). The epithelium-cells of the membrane often 




Fig. 448. — Portion of endothelium of pkritoneux from the vnder surface of the rabbit's 

DIAPHRAGM. (Klein. ) 

a, larger ceUs ; 6, smaller ones, with here and there a pseudostoma between. 

present a somewhat radiated aspect near the stomata, the silver lines converging 
towards the orifice. According to Klein, it is not unfrequent to find evidences of 
proliferation, especially in the neighbourhood of the stomata and pseudo-stomata, 
cells being met with containing two or even many nuclei, and others which are 
being budded ofl' from the cells of the membrane. Since, however, these statements 
depend on observations which were made before the importance of the karyokinetic 
figures as a guide to cell-multiplication was recognised, it is important that they 
should be repeated. 

The stomata were discovered in the peritoneal coveringr of the central tendon of the dia- 
phragm by Recklinghausen, who found that milk-globules could be made to pass througrh them 
into the lymphatics. Similar apertures were found by Ludwigr and Dybkowsky in the plenia 
of mammals, and by Schweigger-Seidel and Dogiel in the septum between the peritoneal 
cavity of the frog and the great lymph-sac (cistema magna) b^ind it. They have since been 
discovered on the omentum by Klein, and have also been recognised in the pericardium. 

The substance of the membrane underneath the endothelium is composed of a 
connective tissue ground-substance in which is a variable amount of fibres, both 
white and elastic ; the latter in many serous membranes, as remarked by Henle, are 
principally collected into a reticular layer near the surface. The bundles of white 
fibres are also arranged in a reticular manner, frequently uniting with one another, 
and the meshes of the reticulation which they form are occupied by the ground- 
substance of the membrane, and bridged over by the flattened cells of the general 
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surface. In some folds of the serous membranes and especially in the great 
omentam of many animals, inclading man, the meshes of the reticulation have 
become open in many parts owing to the absorption of the intervening ground- 
substance and the pei^oration of the cells covering it, so as to allow of a free com- 
munication between the two sides of the fold of membrane. Where the membrane 
is thicker, the ground-substance contains blood-vessels and lymphatics, with the 




Fig. 449. — Small portion ok pkritonkal 

8URFACB OV DIAPHRiGM OF RABBIT. 

(Klein. ) Maokifixd. 

/, lymph-channel below the surface, lying 
between tendon bundles, t, t, and over which 
the surface-cells are seen to be relatively 
smaUer, and to exhibit five stomata, S, S, 
leading into the lymphatic. The epithelium 
of the lymphatic chfumel is not represented. 

lymphoid and adipose tissue which 
is so often found in the serous 
membranes and especially in their 
folds ; as well as connective tissue 
corpuscles with their corresponding 
cell-spaces (figs. 438, 489), which in 
the serous membranes are very often 
collected into endothelium-like 
patches. In parts of the membrane 
in which the corpuscles are more 

thinly 8cattei*ed, they possess branching processes, some of which interconmiunicate 
with those of neighbouring cells, others may pass up to the surfiace of the mem- 
brane as pseudostomata and others again become connected to the walls of the 
lymphatics and blood-vessels. 

In the human subject, the serous membranes are bounded under the epithelium 
by a distinct basement membrane (Bizzozero). 

The blood-varaalfl of the membrane end in a capillary network with compara- 
tively wide meshes, which pervades the subserous tissue and the tissue of the serous 
membrane. The vessels are much more numerous in the nodules and tracts of 
lymphoid tissue (see below) as well as in the adipose tissue, which is found largely 
developed in the serous membranes of fat animals. 

The lympliatics of the serous membranes are exceedingly abundant. Their 
relation both to the cell-spaces of the tissue and to the surface of the membrane, as 
well as their general arrangement, has been already noticed. They are sometimes 
met with ensheathing the blood-vessels. 

Nodules of lymphoid tissue may occur, as before mentioned (p. 387), in the 
substance of the serous membranes. More generally the lymphoid tissue of the 
serous membranes takes the shape of elongated tracts which follow the course of the 
small arteries and veins, receiving from the latter branches which divide to form a 
capillary network. Lymphatic vessels run in these tracts alongside the blood- 
vessels, and often partially enclose them. These lymphoid nodules and tracts are 
more numerous in the young animal ; in the adult they are frequently found trans- 
formed into lobules and tracts of adipose tissue. 

The naxras of the serous membranes are destined chiefly for the blood-vessels, 
and for the most part accompany these in their course. A few pale fibres, however, 
are distributed to the substance of the membrane, in which they form a plexus with 
large meshes : from the branches of this plexus, fibrils may be traced which unite 
into a somewhat finer plexus near the surface. 
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. S7NOVIAI. MSMBBANSS. 

These are connective tissue membranes which are found smrounding closed 
cavities in connection with moveable stmctnres in certain parts, such as the joints, 
the elongated sheaths in which some tendons glide, and at various situations betweeti 
the skin and bony prominences below it. Although they resemble serous membranes 
in some respects, the synovial membranes are distinguished by the nature of their 
secretion, which is a viscid glairy fluid resembling the white of an egg and named 
synovia. From its nature it is well adapted for diminishing friction, and thereby 
facilitating motion. 

If a drop of synovial fluid is examined microscopically, it is found to contain 
(in addition to fat-molecules) a few amoeboid corpuscles, as well as cells similar to 
those which occur on the projections of the membrane. 

The different synovial membranes of the body are referred to three classes, viz., 
articular J vaginal^ and vesicular. 

1. ArtiLonlar sjrnovial mambraaas, or Synovial capsules of joinis. — These by 
their secretion lubricate the cavities of the diarthrodial articulations, that is, those 
articulations in which the opposed sur&ces glide on each other. In these cases the 
membrane may be i^adily seen covering internally the surface of the capsular and 
other ligaments which bound the cavity of the joint, and affording also an invest- 
ment to any tendons or ligaments which pass through the articular cavity, as in the 
instance of the long tendon of the biceps muscle in the shoulder-joint. On 
approaching the articular cartilages the membrane does not pass over them, bat 
terminates after advancing but a little way on their surfiM^, with which it is here 
firmly adherent. The synovial membranes, therefore, do not form closed bags lying 
between the articular cartilages as was supposed by the older anatomists, for the 
main part of the surfaces of the joints is not covered at all by the membrane, 
nor even by a layer of epithelium-cells, prolonged from the membrane, as some have 
described. 

In several of the joints, folds of the synovial membrane pass across the cavity ; 
these have been called synovial ligaments. Other processes of the membrane simply 
project into the cavity at various points. These are very generally cleft into fringes 
at their free border, upon which their blood-vessels, which are numerous, are densely 
distributed. The larger folds and processes often contain fat, and then are sufficiently 
obvious ; but many of the folds are small and inconspicuous. 

The ftinsred vascular folds of the synovial membrane were described by Havers 
in 1691, under the name of the mucilaginous glands^ and he regarded them as an 
apparatus for secreting synovia. Rainey found that these Haversian fringes^ as they 
are sometimes called, may exist in all kinds of synovial membranes, and that from 
the primary vascular fringes other smaller secondary processes are sent off, into which 
no blood-vessels enter. 

2. Vaginal synovial mambranaa, or Synovial sheaths, — ^These are intended 
to facilitate the motion of tendons as they glide in the fibrous sheaths which bind 
them down against the bones in various situations. The best-marked examples of 
such fibrous sheaths are to be seen in the hand and foot, and especially on the 
palmar aspect of the digital phalanges, where they confine the long tendons of the 
flexor muscles. In such instances one part of the synovial membrane forms a lining: 
to the osseo-fibrous tube in which the tendon runs, and another part affords a dose 
investment to the tendon. The space between these portions of the membrane is 
lubricated with synovia and crossed obliquely by one or more folds or duplications 
of the membrane named '' frsena,*' in some parts inclosing a considerable amount of 
elastic tissue (J. Marshall). 
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3. ▼— icniar or Bursal wjuoyulL memliraaes. Synovial turst^ Bursa 
mucosa. — In these the membrane has the form of a simple sac, interposed, so as to 
prevent friction, between two snrfaces which move upon each other. The synoYial 
sac in such cases is flattened and has its two opposite sides in apposition by their 
inner surfiace, which is free and lubricated with synovia, whilst the outer surface is 
attached by areolar tissue to the moving parts between which the sac is placed. 

In regard to situation, the burssB may be either deep-seated or subcutaneous. 
The former are for the most part placed between a muscle or its tendon and a bone 
or the exterior of a joint, less commonly between two muscles or tendons : certain 
of the burssB situated in the neighbourhood of joints not unftequently open into 
them. The subcutaneous bursse lie immediately under the skin, and are found in 
various r^ons of the body interposed between the skin and some firm prominence 





Fig. 450.- 



B. 



-A. Ramified connxctiyr-tissue corpuscles, from articular synovial mkmbramb of ox. 
Chloride of gold preparation. 250 diameters. (E. A. S.) 



Portion of the surface of a vaginal synovial membrane, after treatment with 
nitrate of silver. 250 diameters. (E. A, S.) 

The cell-spaces of the tissae and the nuclei of the contained cells only are representeil. e, epithelioid 
arrangement of cells ; «, ramified cells. 



beneath it. The large bursa situated over the patella is a well-known example of 
this class, but similar though smaller bursce are found also over the olecranon, the 
malleoli, the knuckles, and various other prominent parts. It must, however, be 
observed that, among these subcutaneous bursse, some are reckoned which do not 
always present the characters of true synovial sacs, but look more like mere recesses 
in the subcutaneous areolar tissue, larger and more defined than the neighbouring 
areolae, but still not bounded by an evident synovial membrane. These may be 
looked on as examples of less developed structure, forming a transition between the 
areolar tissue spaces and perfect synovial cavities ; indeed it may happen that what 
is a well developed synovial bursa in one subject is merely an enlarged areola in 
another. Many of the bureae do not appear until after birth, and they are said to 
increase in number as age advances. 

Stmoinre of synovial membraaes. — The synovial membranes are composed 
entirely of connective tissue with the usual cells and fibres of that tissue. It was 
formerly stated, and is still asserted by some authors, that they are lined with an 
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epithelial layer of flattened cells, similar to those lining the serous membranes, but, 
as was shown by Hiiter, there exists on the synovial membranes no complete lining 
of the kind. Patches of cells may, it is true, here and there be met with which 
present an epithelioid appearance (fig. 450, b, 0), as, indeed, we know to be the 
case in the connective tissue of other parts ; but most of the surface-cells of the 
synovial membranes are of the irregularly-branched type (fig. 450, a), the surface of 
the membrane between the cells and sometimes also over them being formed by the 
ground-substance of the connective tissue, whilst here and there small blood-vessels 
come close to the surface from subjacent parts. The cells are in many places smaller 
than in connective tissue generally. They vary much in shape in different parts, 
sometimes forming a network in the tissue by the anastomoses of their ramifying 
processes, in other parts being rounded, and more closely arranged. 

The cells of the vaginal synovial membrane are often slightly elongated in the 
direction of the axis of the tendon. 

The articular synovial membranes pass, as before said, a certain distance over the 
cartilages of the joints. They do not, however, end abruptly, but shade off gradually 




Fig. 451.— Trahsition op cartilage -cells ikto oonhectivb-tisbue corpuscles op sthoyial xembraxk. 
About 840 dlameters. From read op metatarsal bohb, humah. (E. A. 8.) 

a, ordinary cartilage cells ; 6, by with branched processes. 

into the margin of the cartilage, the fibrous tissue becoming fibro-cartilage and the 
cells gradually losing their processes and becoming transformed into cartilage-cells 
(fig. 451), so that it is difficult to say where the one structure begins and the other 
ends. This portion of the synovial membrane, or of the cartilage, is known as the 
'' marginal zone ; *' it is best marked around the convex heads of the bones, and is 
especially well seen near the lower margin of the patella (Hiiter). 

The Haversian folds and fringes, at least the larger ones, agree in general 
structure with the rest of the tissue of the synovial membrane, except that, as 
before remarked, some of them contain fat ; their surface layer contains for the 
most part irregularly stellate cells, except over the fat, where there is occasionallj 
to be observed a true epithelioid covering like that of a serous membrane. The 
smaller non- vascular secondary fringes of Rainey (synovial villi) are minute finger- 
shaped processes projecting from the margins of the larger ones, and consist for the 
most part of small rounded cells with granular protoplasm and but little intercellular 
substance, enclosing a central strand of connective-tissue fibrils ; and in some cases 
a few cartilage-cells. Some of the synovial villi are entirely made up of fibro-carti- 
lage, being altogether destitute of the covering of rounded cells (Tillmanns). 

VeMehi and lymphatios. — The blood-vessels in and immediately beneath the 
synovial membrane are numerous in most parts of the joints. They advance bat a 
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short way upon the cartilages, forming aronnd the margin a Tascolar zone, named 
by William Hunter " circuluB articuli vasculosus," in which they end by loops of 
vessels dilated at the bent part greatly beyond the diameter of ordinary capillaries 
fToynbee). In the foetus these vessels advance further upon the surface of the 
cartilage than in the adulL The vessels of the vaginal synovial membranes are less 
numerous than those of the synovial membranes of the joints. 

The synovial cavities do not appear to have so close a relation to the lymphatic 
system as is the case with the serous cavities. For although lymphatic vessels have 
been described by Tillmanns and others in the synovial membranes, they have not 
been shown to communicate with the cavities, nor do they as a rule lie near the free 
surface. In this respect they differ from the blood-capillaries, which may come close 
up to the inner surface of the membrane. 

Verves. — ^W. Krause described the nerves of the synovial membranes (at least 
those of the joints) as terminating in peculiar corpuscles allied to end-bulbs (p. 338 
and fig. 398). Nicoladoni has traced nerves into a plexus of pale fibrils lying close 
under the surface of the membrane. Pacinian corpuscles have also been noticed 
under the synovial membranes in many places. 

Development. — At the time of the formation of a joint by cleavage the tissue 
around it forms, in its outer part, the fibrous capsule of the joint ; in its inner part, 
the commencement of the synovial membrane. The cartilage cells on the surfaces 
of the newly formed joint are at first, like those of the embryonic cartilage generally, 
placed closely together without matrix or intercellular substance ; after a time this 
appears in fine lines between the cells, so that there is then presented, in silvered 
preparations, an epithelioid appearance. By a further development of intercellular 
substance the superficial cells become more separated firom one another, and now 
possess an irregularly branched shape with conmiunicating processes. Near the edge 
of the cartilage this condition is permanent, so that the marginal zone of the synovial 
membrane is formed in situ from what was originally cartilage. Nearer the centre 
of the articular sur&ce, a further change takes place in the progress of development. 
The cells lose their processes and acquire the characters of ordinaiy cartilage-cells, 
whilst the matrix between them becomes increased, and forms also a chin layer 
covering their surface. In some places, e,g.j the glenoid cavity of the articulation of 
the lower jaw, the transformation into ordinary cartilage-cells may be incomplete, so 
that the synovial membrane extends over a larger extent of the articular surface than 
usual. 



BBOXNT lilTSBATTTlUB OF IjTMFHATIO SYSTXM. 

Bayer, K., Ueber Megeneration und Neubildung der Lymphdriltenf Prager Zeitschr. f. Heilkunde, 
vi., 1885. 

Boariel, A., Ueber die Beziehungen zwitchen Blut- und Lymphgefdssen, Arch. f. mikr. Anat, Bd. 
xxii., 1883. 

Drews, B., Zellvermehrung in der TonaiUa palaiina heim ErwcLchsenen, Arch. f. mikr. Anat., 
Bd. xxi7., 1884. 

Flemmlnfir, W., Studien Uber Regeneration der Geioebe, 1. Die ZdlvermekruTig in den Lymrh- 
driuen und verwandten Organen und ihr Einfluta auf deren Bau^ Arch. f. mikr. Anat., xxiy., 1884 ; 
Schlussbemerkungen Uber die ZeUvermehrung in den lymphoidcn Driiien, Archiv f. mikr. Anat, 
Bd. xxiv., 1884. 

Hoyer, H., Beitrag zur Kenntnita der Lymphdrilten, Archiy f. mikroskop. Anat., Bd. zxxiy., 
1889. 

Paulsen, £., Zellvermehrung und ihre Begleitunjsertcheinungen in hyperplastisehen Lymphdriuen 
und Tonsillen, Arch. f. mikr. Anat., Bd. xxiv., 1884. 

Stohr, Ph., Ueber die **peripheren Lym-phdriiaen" Sitzungsber. d. physik. med. GeseUsch. in 
Wttraburg, 19 Mai, 1883 ; Ueber Mandeln und Balgdrilaen, Virchow's Archiv, Bd. 97, 1884. 



396 SECRETING GLANDS. 



SECBJESTrRTG GLANDS. 

Tlie term gland has been applied to various objects, diflfering widely from each 
other in nature and office, but the organs the structure of which it is proposed to 
consider generally in the present chapter, are those devoted to the function of 
secretion. 

The element which plays the most important part in the secretory process is the 
nucleated cell. A series of these cells, which are usually of a polyhedral or columnar 
figure, is spread over the secreting surface, in the form of an epithelium, which 
generally rests on a membrane, named the basement-membrane, or membrana 
propria. This membrane, itself extravascular, limits and defines the secreting sur- 
face ; it supports and connects the secreting cells on one side, whilst on the other it 
is bathed with lymph and is in close proximity to the blood-vessels. The basement- 
membrane when present is formed of fiattened cells, which may be united edge to 
edge to form a complete limiting membrane, or may be branched and united by their 
processes with gaps between them (fig. 452). But a basement-membrane is not univer- 
sally present, and it is the cells that are the chief agents in selecting and preparing 
the special ingredients of the secretions. They take into their interior those sub- 
stances which, already existing in the blood, require merely to be segregated from 

the common store and concentrated in the secre- 
tion, and they, in certain cases, convert the matterB 
which they have selected into new chemical com- 
pounds, or lead them to assume organic structure. 
A cell thus charged with its selected or converted 
contents yields them up to be poured out with the 
rest of the secretion — the contained substance 
escaping from it either by exudation or by bursting 
_ and destruction of the cell itself. Cells filled with 

^' 'Jf2.--MKMBBANA PBopRiA OF gecretcd matter may also be detached, and carried 

TWO ALVEOLI OF THB ORBITAL . . . . . ., i -j . * ., . • j 

GLAND OF THB Doo. (Heidenhain ^^^ entire With the fluid part of the secretion ; and, 
and Uvdovsky.) in all cases, ucw cells speedily take the place of 

those which have served their office. The fluid 
effused from the blood-vessels supplies matter for the nutrition of the secreting 
structure besides affording the materials of the secretion. 

Cluuiges in the o^lls during activity. — Since the materials for secretion 
are selected or prepared by the cells, it is not surprising to find that the cells of a 
secreting gland differ considerably in appearance according as the gland is in a con- 
dition of rest or activity (figs, 453, 4.54). In the former case the materials for 
secretion may have been accumulating within the cells and may be detected within 
them, whereas in the latter case, if the secretion have been proceeding for some time, 
the cells may be emptied of the accumulated material, and in many instances may 
themselves be partially or entirely destroyed, owing to the disruption of their pro- 
toplasm in the process of discharge of the secreted matter. In some glands however 
the accumulation of the materials of secretion within the cells does not go on to any 
great extent during rest, but begins with the increased activity of the gland con- 
sequent on stimulation whether natural or artificial, and proceeds up to a certain 
point, after which the process of discharge of the accumulated material begins. 
But according to Heidenhain and Langley the processes of growth of the proto- 
plasm, formation of material for secretion, and discharge from the cell may all go on 
simultaneously, the material becoming formed by or from the cell protoplasm on the 
one hand, and discharged on the other hand into the commencement of the duct 
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The material which aocumnlateB within the cell is not always the same as thai 
which appears in the discharged secretion. Thns in the glands which furnish the 
digestive ferments— especially the gastric glands and the pancreas — it has been 





Fig. 453. — Skotions of thb orbital qlakd of thb doo. A, durinq bmt. B, aftbr a period of 
ACTIVITY. (Heidenhain and LavdoTsky.) 

In A, the cells of the alreoli are large, being filled with the material for secretion (in this case, 
madgen) which obscures their protoplasm, but some of the cells have not participated in the formation 
of the secretion, and these remain small and protoplasmic, forming the crescentic group seen in most of 
the alveolt 

In B, the accumulated material is discharged from the cells, which appear partially disintegrated in 
consequence. Both the cells and the alveoli are much smaller, and the protoplasm of all the cells is now 
Apparent 

fihown that the material which appears in the form of granules within the cells is not 
the pepsin and the trypsin which respectively characterise the secretions of those 
glands, but a precursor which is termed "zymogen," and is easily transformed into 




Fig. 454. — Part of a fsrxert-formiko oland ; A at rest, B after a short pkriod of activity, 

C AFTER A PROLOROSD PERIOD OF ACTIVITY. (Lauglcy.) 

In the resting condition the cells of the gland are almost filled with granules (of zymogen). During 
Activity these b^me discharged from the cells as ferment, disappearing at first from the outer part of 
the cell, which is thereby left clear. Finally the granules only remain ne%r the lumen of the alveoli, and 
near the surfaces of the cells which are contiguous to one another. In A and B the nuclei of the cells 
are obscured by the granules. 

the ferments by the action of certain reagents ; and it is supposed that a similar 
change may occur during the discharge of the secretion from the cells. Again, in 
the cells which secrete mucus, the substance which accumulates within the cells is 
not mucin, but a precursor of mucin, which is termed '' mucigen,'* from the facility 
with which it becomes on discharge converted into mucin. 

It is difficult to decide whether the material for secretion is formed by the direct 
conyersion of a part of the protoplasm of the secreting cell, or from materials taken 
up from the plasma of the blood and elaborated by the agency of the protoplasm. 

D D 2 
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It is generally assumed that the foimer is the case, and that the protoplasm of the 
cells of a secreting gland increases in amount as the first stage in the process of 
formation of the secretion. But since the materials of secretion accumulate in the 
substance of the protoplasm, it may not be always possible to determine how much 
of the increase of size of the cell is due to a growth of the protoplasm itself, and 
how much to the accumulation of the materials of secretion, either entirely or only 
partially elaborated, within it. 

The secretory changes which have been noticed by various observers in the cell& 
of different glands, will be more fully described when the several glands are specially 
treated of. 

Modifications in form of the secreting snr&oe. — ^A secreting apparatus 
effectual for the pm*poBe which it is destined to fulfil, may thus be said essentially 
to consist of a layer of secreting cells covering a free surface, whilst a layer of finely 
ramified blood vessels is generally spread out close to the attached ends of the cells, 
with sometimes a basement membrane between the two. But whilst the structure 
may remain essentially the same, the configuration of the secreting surface presents 
various modifications in different secreting organs. In some cases, the secreting 

Fig. 455. — Flak of a sbcretinq mkxbrakic. 
(Sharpey. ) 

a, membiana propria or baBement-membrane ; 
bf epithelium, composed of secreting cells ; r, 
layer of capillary blood-vessels. 

surface is plain, or, at least, expanded, as in various parts of the serous, synovial 
and mucous membranes, which may be looked on as examples of comparatively 
simple forms of secreting apparatus ; but, in other instances, and particularly in the 
special secretory organs named glands, the surface of the secreting membrane is 
variously involved and complicated. An obvious effect of this complication is to 
increase the extent of the secreting surface in a secreting organ within a given bulk, 
and thus augment the quantity of secretion yielded by it. No connection has been 
clearly shown to exist between the quality of the secretion and the- particular con- 
figuration, either internal or external, of the organ ; on the other hand, we know 
that the same kind of secretion that is derived from a complex organ in one animal 
may be produced by an apparatus of most simple form in another. 

There are two principal modes by which the surface of the membrane is so 
increased in extent, namely, by rising or protruding in foim of a prominent fold or 





Fig. 456. — Plan to show augxkntatiox 

or SURFACE BY FORHATION OF PBO- 

CBSSES. (Sharpey.) 

a, 6. Cf as in preceding figure ; d, simple 
and e/j branched or subdivided processes. 

some otherwise shaped projection (fig. 456, d, «,/), or by retiring, in form of a recess 
(fig. 457, A, ^r, A). 

The first-mentioned mode of increase, or that by protrusioHy is not the one which is 
most generally followed in nature, still it is not without example, and, as instances, 
may be cited the Haversian fringes of the synovial membi*anes and the urinary 
organ of molluscs. . In these cases, the membrane assumes the form of projecting 
folds, which, for the sake of further increase of surface, may be again plaited and 
complicated, or cleft and fringed, at their borders (fig. 456, e,f). 

The augmentation of the secreting surface by recession or inversion of the mem- 
brane, in the form of a cavity, is, with few exceptions, that generally adopted in the 
construction of secreting glands. If the recess is simple its blind termination, which 
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is often enlarged, is spoken of as the " fundns " of the gland. If compound, its 
terminations are known as " alveoli." In a simpis gland the shape of the cavity 
may be tubular (fig. 457, g) or saccular (h) : of these two kinds of simple gland the 
former is by far the more common. Examples of simple saccular glands are found 
in the skin of the frog (fig. 458) of simple tubular glands in the intestines (fig. 459). 
The secreting surface may be increased, in a simple tubular gland, by mere lengthening 
of the tube, in which case, however, when it acquires considerable length, the tube is 
coUed up into a ball (fig. 457, «), so as to take up less room, and adapt itself to receive 
compactly ramified blood-vessels. The sweats-glands of the skin are instances of simple 
glands formed of a long convoluted tube. But the chief means observed of further 
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Pig. 457.— Plans of extsksion of secrktinq membrafb, bt inyebsion or recession. (Sharpey.) 

A, simple glands, viz., g, straight tube ; h, sac ; t, coiled tube. B, simple glands with loculated 
walls ; k, of tubular form ; I, saccular. C, racemose, or acinous compound gland ; m, entire gland, 
showing branched duct and lobular structure ; n, a lobule, detached with o, branch of duct proceeding 
from it. Df compound tubular gland. 

B and C represent rather the embryonic than the permanent condition of the acinous glands ; 
the actual condition of the alveoli in the adult condition being more like those shown in fig. 460. 

increaaing the secreting surface is by the subdivision, as well as extension, of the 
cavity, and when this occurs the gland is said to be compound. There is, however, a 
condition sometimes met with, in which the sides or extremity of a simple tube or 
sac merely become pouched or loculated (fig. 457, Jc, /), in which case the tube 
is termed the gland duct, or, br in Brunner's glands, and the small mucous glands 
generally, the pouchings or loculations may grow out into irregular tubular alveoli ; 
the gland is however still to be regarded as simple, since all the alveoli open into a 
single duct (Flemming). 

In the compound glands, the divisions of the secreting cavity may assume a 
tubular or a saccular form, and this leads to the distinction of these glands into the 
'* tubular," and the "acinous," or " racemose." The latter were so termed from the 
superficial resemblance which they bear, when examined with a lens, to a bunch of 
grapes. But it is found in most cases when their subdivisions are unravelled, 
that the apparent saccules are merely dilatations in the course of somewhat irregu- 
larly branching tubules (fig. 462) ; the glands are hence often named "acino-tubular.*^ 

The disuse of the term racemose or acinons, as applied to these glands, has been advocated 
by Flemming on the ground that, as is well known, in many of these glands the terminal 
alveoli are not merely dilatations grouped around the endings of the ducts, but are distinctly 
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long and tabular in character ; he propoees accordingly to gronp them along with snch glands 
as the kidney and testicles as compound tubular glands. But since, as Chievitz has shown, 
the saliyaiy and other similar glands, exhibit at an early condition of development a markedly 
sacculated character, the ultimate (tubular) alveoli being formed later as outgrowths of the 
saccules, whereas the tubular glands proper never exhibit this sacculated character, it appears 
desirable still to recognise a morphological difference between the two classes of glands. 
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Fig. 458. — Simple saooular qland rBon the amphibian skin. (Flemming.) 

Fig. 459. — Simple tubular qlakd vrom the human intestine. (Flemming.) 

Fig. 460. — DuaRAM of small acinous oland formed of a simple "duct-ststbm.'' (Flemming.) 

461. — Part of a small ** racemose" mucous oland of the tonoub, showing the tubulab 
character of the alveoli. (Flemming.) 

Fig. 462. — Construction of a lobule of an ** acinous" gland. (KoIIiker.) 

a, duct ; 6.6, branches of dnct ; c, aiveoli as they lie together in the gland ; d, the same unraTelled, 
showing their connection as an irregular tube. 

The acinoTUiy racemose or acino-tnbnlar compound glands (fig. 457, c) are 
composed of a multitude of alveoli, opening in clusters into the extremities of a 
branched tube, named the excretory duct. The alveoli are saccular, pyriform or 
tnbular. They are often rather filled than lined by secreting cells ; and are arranged 
in groups, round the commencing branches of the duct, with which their cavities 
are continuous (fig. 457, c). The ultimate branches of the duct open into larger 
branches (o), these into larger again, till they eventually terminate in one or more 
principal excretory ducts (m), by which the secretion is poured out of the gland. It is, 
as we have seen from the clustered arrangement of their ultimate recesses^ that these 
glands are named " racemose '' or grape-like ; and they, for the most part, have a dis- 
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tinctlj lobular structure. The lobules are held together by the branches of the 
dact to which they are appended, and by interlobular connective tissue which also 
supports the blood-vessels in their ramifications. The larger lobules are made up of 
smcdler ones, these of still smaller, and so on for several successive stages. The 
smallest lobules consist of a single group of alveoli, collected around a small duct, 
which issues from the lobule. This issuing duct is often markedly narrower than 
either the alveoli or the larger duct into which it opens, but since it is lined by 
somewhat flattened epithelium its lumen is quite as large as that of the alveoli (fig. 
463, d) ; and a collection of the smallest lobules, united by connective tissue and 
vessels, forms a lobule of the next size, which, too, has its larger branch of the duct 
formed by the junction of the ramuli belonging to the ultimate lobules. In this 
way the whole gland is made up, the number of its lobules and of the branches of 
its duct depending on its size ; for whilst some glands of this kind, like the parotid, 
consists of innumerable lobules, connected by a large and many-branched duct, 
others, such as some of the sebaceous glands of the skin, are formed of but two or 
three ultimate lobules, or even of a single one. In fact, a small racemose gland 
resembles a fragment of a larger one. 

The smallest lobules were originally called acmiy a term which is now often used 
to denote the alveoli. 

The alveoli are lined, and sometimes almost filled by the secreting cells, a cavity 
being left in the centre communicating with the excretory duct (fig. 463). In some 



Pig. 463. — SscTioN ov a rackxosb 

QLAKD, SHOWINQ THX COMMIKOXMXNT 
OP A DUCT IN THE ALYBOLI. MaOHI- 
FIBD 425 niAMKTKKS. (B. A. 8.)* 

a, one of the alveoli, Beveral of which 
are in the section shown grouped around 
the commencement of the duct, d' ; a', an 
alveolus, not opened by the section ; 
6, basement-membrane in section ; c, in- 
terstitial connective tissue of the gland ; 
d, section of a duct which has passed 
away from its alveoli, and is now lined 
with characteristically-striated columnar 
cells; $, semilunar group of darkly- 
stained cells at the periphery of an 
alveolus. 



glands karyomitotic figures are 
numerous in the cells, indicating 
rapid cell-multiplication, whereas 
in others such indication is lack- 
ing (Gaule, Bizzozero). In some 

cases, minute canals have been described as leading from the central cavity between 
the cells, and these may aid in the conveyance of the secretion of the latter into 
the cavity. Further the flattenedij cells which compose the basement-membrane 
may send delicate lamellar processes between the alveolar cells, among which they 
form a sustentacular network (Boll, Ebner). 

Many glands, yielding very different secretions, belong to the racemose class. 
As examples, it will be sufficient to mention the salivary, lacryma), and mammary 
glands. 

Of the tubular oompound glsAds, the most characteristic examples are the 
testicle and kidney. In these the tubular ducts divide again and again into branches, 
which, retaining their tubular form, are greatly lengthened out The branches of 
the ducts are formed, as usual, of a limitary or basement-membrane {memhrana 
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propria)^ lined by epithelium. By the multiplication and elongation of the tabalar 
branches, a vast extent of secreting surface is obtained, the tubes being partly coiled 
up into a compact mass, which is traversed and held together by blood-vessels, and 
sometimes also divided into lobules and supported, as in the testis, by fibrous parti- 
tions, derived from the inclosing capsule of the gland. In consequence of their 
intricately involved arrangement, it is sometimes difficult to find out how the 
tubular ducts are disposed at their extremities. In the testis some are free, and 
simply closed without dilatation, and others anastomose with neighbouring tabes, 
joiniug with them in the form of loops ; in the kidney, little round tufts of fine 
blood-vessels project into terminal dilatations of the ducts, but without piercing the 
basement membrane. 

Certain glands do not precisely agree in structure with either of the above 
classes of compound glands. One of these is the adult mammalian liver. Its 
secreting cells are collected into small polyhedral masses termed the hepatic lobules, 
pervaded by a network of capillary blood-vessels ; and the ducts begin within the 
lobules, in the form of a network of fine channels which run between the sides 
of contiguous cells. At an early stage of development the liver has, however, 
a distinctly tubular character, a condition which is permanent in most of the lower 
vertebrata. Another is the ovary, the alveoli of which are isolated and unprovided 
with ducts. They are known as the Graafian follicles. When distended by secre- 
tion they burst, and the secretion escapes, carrying the ovum along with it. They 
are originally developed as tubules filled with epithelium (" egg-tubes " of Pfliiger). 

The thyroid gland is another body which in the adult consists of isolated 
vesicles, but in the embryo has the form of a ramified tubular gland. The same 
remark applies to the anterior lobe of the pituitary body. 

Besides blood-vessels, the glands are furnished with lymphatics, which in most 
compound glands proceed from interstitial lymphatic spaces which surround the 
alveoli. Branches of nerves have also been followed for some way into these 
organs; and that an influence is exerted on secreting organs through the 
medium of the nervous system, is shown by the fact, that the flow of secretion 
in several glands is affected by mental emotions, and that the flow of secre- 
tion from many glands may be brought on by direct or reflex stimulation of 
their nerves. In some cases also an increased accumulation of the materials of 
secretion within the cells, may thus be produced. Fine non-medullated nerve-fibres 
have in several instances been described as entering between the cells of the alveoli ; 
and in the salivary glands, Pflttger has affirmed a direct passage of nerve-fibres, 
both medullated and non-medullated, into the secreting cells. His observations, 
however, have not been confirmed by other inquirers, although Kupffer has described 
a similar connection between nerve-fibres and secreting cells in the salivary glands 
of insects. 

Uniting the several parts of a compound gland is a certain amount of inter- 
stitial connective tissue, which varies in character in different glands, being in some 
more fibrous, in others more cellular, and in others again being represented by 
retiform tissue. 

Some glands have a special envelope, as in the case of the kidney and testis. 

The ducts of glands ultimately open into cavities lined by mucous membrane, 
or upon the surfi^^e of the skin. They are sometimes provided with a reservoir, in 
which the secretion is collected, to be discharged at intervals. The reservoir of the 
urine receives the whole of the secreted fluid ; in the gall-bladder, on the other 
hand, only a part of the bile is collected. The vesicule seminales afford another 
example of these appended reservoirs. The ducts are constructed of a basement- 
membrane and lining of epithelium, and in their smaller divisions there is nothing 
more ; but in the larger branches and trunks, a coat, composed of connective tissue, 
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with which in some cases involnntaiy mnscnlar fibres, rnnning circalarly, are intro- 
duced, is added. In the sweat glands, the muscular fibres run longitudinally, and lie 
between the basement-membrane and the epithelium of the tubular alveoli. The 
epithelium-cells are usually flattened at the commencement of the duct, where these 
emerge from the alveoli, and are columnar in the rest of the duct. In some glands 
the columnar cells of the ducts exhibit a peculiar striated appearance (fig. 463, d) in 
the part of the cell next to the basement-membrane, and the alveolar cells may also 
exhibit a similar appearance, but far less distinctly. 

Xechaaism of the discharge of secretion from a gland. — Although no 
doubt dependent ultimately upon physical and chemical conditions, it is not known 
precisely in what way the discharge of secretion from the gland-cells, and eventually 
from the gland, is eflfected. The forces which produce the discharge are, however, 
considerable, and are influenced as we have seen through the nervous system. In 
the cutaneous glands of the frog, Strieker and Spina have noticed that irritation of 
the nerves is followed by swelling and enlargement of the previously flattened cells 
of the gland, and that this enlargement causes a discharge of secretion from the 
mouth of the duct. The swelling is produced by an accumulation of fluid, derived 
from the plasma of the blood, within the cells, and when these come again to the 
condition of rest and resume the flattened form, the fluid is supposed to pass from 
them into the cavity of the alveolus, carrying with it the materials of secretion 
extracted frx)m the cells. If the glands are again stimulated the same process is gone 
through, and in this way it is supposed an intermittent discharge may be caused. 
There is no evidence, however, to show that similar changes occur in other glands, 
nor is it explained how it happens that the water of the plasma should pass into the 
cells only under the influence of excitation. 

The observations of v. Gehuchten seem to point to the vis-a-tergo of the accumu- 
lating secretion as the main agent in effecting the discharge of the secretion from 
the cells. The discharge from the ducts of a gland is no doubt partly due to the 
vis-a-tergo of the accumulating secretion, partly to the peristaltic contraction of the 
muscular tissue in the wall of the duct (where this tissue exists). 



BXCIBMT lilTSBATUIUC. 

Biedermann, W., Uehtr morphoLogtsefie Vtrdnderungen der ZungendrUten dea Froachet hei 
Jieizuvg der Drumnnervtn, Wiener Sitaungsber., Bd. 86, 1882 ; Zur Histologte und Phytkiogie der 
iSchleinuecretion, Tagebl. der 59. Venamml. d. Naturforacher u. Aente «u BerliDi 1886. 

Bisaozero, O., u. Vassale, O., Ueber den Verbrauch der DHUemellen der Sdugethiere in 
erwachtenen DriUeh, Centralblatt f. d. medic. Wiaaenschaften, No. 4, 1885 ; Ueber die Erzcugung und 
die phyaitUogiscfie Regeneration der DriisemtUen bti den Sdugetkieren^ Archiv f. pathologische Anal, 
Ud. 110, 1887. 

Blssosero, O., Ueber die Schlauchfbrmigen DrUuen dea Magtndarmeanales und die Beziehungen 
ihrea Epithela zu dein Oberfidchenepithel der Schleimitaut^ Arch. f. mikroak. Anat., Bd. xxxiii., 1889. 

Chievits, Entwickelungaguchichte der Speieheldriiaen, Archir f. Anat. u. Physiol., Anat Abth., 
1885. 

DewitB, Ueber daa vcraehiedene Auaaehen der gereizten und rukenden Druaen von ZehenbaUtn 
dea Laubfroaefiea, Biolog. Centralb., 1883. 

nemzninfir, W., Ueber Bau und EitUheilung der VrUaen, Arch. f. Anat. n. PhysioL, Anat Abth., 
1888. 

Gehuohten, A. van, Reeherchea hiatologiquea a. VappareU digeatif d, I, larve d, I. Ptycoptera 
contaminata, La Cellule, t. vi., 1890 ; Le nUcaniatne de la aicrHion^ Anat. Anzeiger, Jan. 1891. 

Qllson, Q., Reeherchea aur lea ceUulea a^crdtantea. La Cellule, t vi., 1890. 

Hofer, B., Unterauehungen uber den Bau der Speieheldruaen und dea dasu gehorenden Nerven- 
apparatea von Blatta, Nova Acta Academiis LeopoIdino-CaroIiniB, Bd. 51. 1887. 

Klein, £., On the Lympfiatie Syatem and the Minute Structure of the Salivary Glanda and 
Pancreaa, Quart Joum. Microsc. Scienc., Bd. 22, 1882. 

Xniippel, A., Ueber Speicheldrilaen von Inaecten^ Inaag. Dias., Berlin, 1887. 

Kowalewaky, N., Ueber daa Blutgefdsaayatem der Speicheldrilaen^ Archiv f. Anatomia und 
Physiologie, Anat Abthlg., 1885. 

Xnltsohiaky, N., Zur Lehre vom feineren Bau der SpeieheldrUaenf Zeitachr. f. winensch. Zool., 
Bd. xU., 1884. 



404 RECENT LITERATURE OF SECRETING GLANDS. 

I<*nfirley, J. K., On tJte Histology and Physiology of Pepstn-fot-ming Olands, Philos. Tnuie- 
actions, 1881 ; Preliminary AceoutU of the Structure of the Cells of the Liver and the changes icAtfA 
take place in them under various conditions^ Proceed, of the Royal Soc., 1882 ; On the Structure of 
Secretory Cells and the changes which take place in them during Secretion, Internationale Monateschrift 
f. Anat. u. Histol., Bd. L, 1884 ; Oji the Structure of Mucous Salivary Glands, Froceedingn of the 
Royal Society, No. 244, 1886 ; On the Histology of the Mucous Salivary Olands and on the hehaviottr 
of their Mucous Constituents, Journal of Physiology, vol. ix., 1889. 

Ijasams, A. , Ueber stcreUirische Function der Stdbchene}nthelien in den Speichddriisen, Pfliiger'a 
Archiir, Bd. xliii., 1888. 

Liat, J. H., Ueber Structuren von DrilsenzelUn, Biolog. Centralbl., Bd. yi., 1886; Ueber den 
Bau, die Secretion UTid den Untergang von DrUsenzellen ; Ueber denfeineren Bau SdUeimseeemirender 
DrUsemdlen nebst Bemerkungen iber den Secretionsprocess, Anat. Anz. iv., 1889. 

ICetaohnikoir, El., Zur Lehre iiber die intraeeUiUdre Vcrdauung niederer Thiere^ Zool. Anz., 
No. 113, 1882. 

Nioolaldes, B., Ueber die microscopischen Erscheinungen der PancreassdUn bei der Secretion, 
Centralbl. f. Physiol., 1889. 

KoBsbauni, M., Ueber den Bau und die Thdtigkeit der Druten, iy. Mittheilung, Arch. f. 
mikrosk. Anat., Bd. xxi., 1882. 

Openohowaki, Th., Histoiogisekes zur Innervation der DrUsen, PflUger's Arch. f. d. gesammte 
Physiologie, Bd. xxyii., 1883. 

Paulsen, E., Bemerkungen iiber Secretion und Bau von SchUimdrilsen, Archiy f. mikrosk. 
Anatomic, Bd. xxyiii., 1886. 

Piersol, G. A., Beitrdge zur Uistdhgie der Harder scken Drilsen der Amphibien, Arch, t mikro- 
skopische Anatomie, ,Bd. xxix., 1887. 

Banvier, Ij., Etude anaiomique des glandes eonnues sous le nom de soutmaxillaire et suHin- 
gwde ehez les mammifires, Trayaux du laboiatoire d'histologie de Fianee, 1886-1887 ; Le micanisme 
de la sierition. Journal de Micrographie, 1887. 

Bawits, B., Ueber diegrUne DrUse des Flusskrebses, Arch. f. mikr. Anat, Bd. xxix., 1887. 

Belninffhaus, Ij., U^ber den Ursprung des MUehfettes, Inaag.-Diss., Gottingen, 1889. 

Sohiefferdeoker, P., Zur Kenntniss des Baues der SchleimdrUsen, Arch. f. mikrosk. Anat, 
Bd. xxiii., 1884. 

StlUrufiTy H., Ueber die Cowper*schen DrUsen, Archiy f. pathologische Anatomie, Bd. 100, 1885. 

Stohr, P., Udter SchleimdrUsen, Sitzungsber. d. physic, med. Gesellsch. sn Wiirzbarg, 1884 ; 
and Festschrift fiir Kolliker, Leipzig, 1887. 

Tomler, A., Ueber BUrstenbetdtze von Driisenepithelien, Archiy f. mikroskopische Anatomie, 
Bd. xxyii., 1886. 



MUCOUS MEMBRANES. 405 



MUCOUS MSMBBANSS. 

These membranes, nnlike the serous, line passages and cavities which communi- 
cate with the exterior, as well as recesses, ducts and receptacles of secretion, 
which open into such passages. They are habitually subject either to the contact 
of foreign substances introduced into the body, such as air and aliment, or of 
varions secreted or excreted matters, and hence their surface is coated over and 
protected by mucus, a fluid of a more consistent and tenacious character, than that 
which moistens the serous membranes. 

The mucous membranes of several different or even distant parts are continuous, 
and they may all, or nearly all, be reduced to two great divisions, namely, the gastro- 
pneumanic and genito-urinary. The former covers the inside of the alimentary and 
air-passages as well as the less considerable cavities communicating with them. It 
may be described as commencing at the edges of the lips and nostrils, where it is 
eontinnons with the skin, and proceeding through the nose and mouth to the throat, 
whence it is continued throughout the whole length of the alimentary canal to the 
termination of the intestine, there again meeting the skin, and also along the wind- 
pipe and its numerous divisions as far as the air-cells of the lungs, to which it 
affords a lining. From the nose the membrane may be said to be prolonged into 
the lachrymal passages, extending up the nasal duct into the lachrymal sac and along 
the lachrymal canals until, under the name of the conjunctival membrane, it spreads 
over the fore part of the eyeball and inside of the eyelids, on the edges of which it 
meets with the skin. Other offsets from the nasal part of the membrane line the 
frontal, ethmoidal, sphenoidal and maxillary sinuses, and from the upper part of the 
pharynx a prolongation extends on each side along the Eustachian tube to line that 
passage and the tympanum of the ear. Besides these there are offsets from the 
alimentary membrane to line the salivary, pancreatic, and biliary ducts, and the 
gall-bladder. The gmito-urtnary membrane invests the inside of the urinary 
bladder and the whole tract of the urine in both sexes, from the interior of the 
kidneys to the orifice of the urethra, also the seminal ducts and vesicles in the male, 
and the vagina, uterus and Fallopian tubes in the female. 

By one surface the mucous membranes are attached to the parts which they line 
or cover, by means of areolar tissue, named '' submucous,** which differs greatly iu 
quantity as well as in consistency in different parts. The connection is in some 
cases close and firm, as in the cavity of the nose and its adjoining sinuses ; in other 
instances, especially in cavities subject to frequent variation in capacity, like the gullet 
and stomach, it is lax and allows some degree of shifting of the connected surfaces. 
In such cases as the last-mentioned, the mucous membrane is accordingly thrown 
into folds when the cavity is narrowed by contraction of the exterior coats of the 
organ, and of course these folds, or rtig(e as they are named, are effaced by disten- 
sion. But in certain parts the mucous membrane forms permanent folds, not 
capable of being thus effaced, which project conspicuously into the cavity which it 
lines. The best-marked example of these is presented by the valvule canniventes 
seen in the small intestine. These, as is more fully described in the special anatomy 
of the intestines, are crescent-shaped duplicatures of the membrane, with connecting 
areolar tissue between their lamins, which are placed transversely and follow one 
another at very short intervals along a great part of the intestinal tract. The chief 
use of the valvulse conniventes is doubtless to increase the surface of the absorbing 
mucous membrane within the cavity. 

In most situations the mucous membranes are nearly opaque or only slightly 
translucent. They possess no great degree of tenacity and but little elasticity, and 
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heDce are readily torn by a moderate force. The redness which they oommonly 
exhibit during life, and retain in greater or less degree in various parts after death, 
is due to the blood contained in their vessels. The degree of redness is greater in 
the foetus and infant than in the adult. It is greater too in certain situations ; 
thus, of the different parts of the alimentary canal, it is most marked in the stomach, 
pharynx, and rectum. 

Strnctnre. — ^A mucous membrane is composed of cortum [and epithelium. The 
epiiJielium covers the surface. The membrane which remains after its removal is 
named the coriurriy as in the analogous instance of the true skin. 

The epithelium is the most constant part of a mucous membrane, being 
continued over certain parts to which the other constituents of the membrane 
cannot be traced, as over the alveoli of the lungs, and the front of the cornea of 

the eye. It may be scaly 
A B and stratified as in the 

mouth and throat, colum- 
nar as in the intestine, or 
ciliated as in the respiratory 
tract and uterus. When a 
mucous membrane is co- 
vered with an epithdinm 
of the scaly and stratified 
variety, the mucus which 
moistens its surface is de- 
rived from glands in the 
membrane, Which are lined 
with columnar and poly- 
hedral secreting cells ; but 
when a colunmarepithelimn 
or a ciliated epithehnm 
covers the surface, a large 
part of the mucus is formed 
in the cells of this layer, 
and the glands of the mem- 
brane are frequently de- 
voted to the elaboration of 
some special secretion. The 
secretion is not as a rule formed at the same time in all the cells of the epithelium, 
but in some only. The first appearance of the mucigen within the cell is in the 
form of granules ; these appear to become enlarged, and eventually, as they are 
becoming transformed into mucus, they form clear swollen masses filling a large 
part of the cell, especially near its free border (fig. 464, wi*, m', m^). 

Those cells which are concerned in the production of mucus often become greatly 
distended with the accumulated mucigen into the shape of a goblet or chalice, and 
this may in many be seen to have become exuded from the free and apparently 
open end of the cell as a droplet of mucus. A certain number of these gohUt- 
or chalice-cells are almost always to be found in columnar epithelium covering 
mucous membranes. It is somewhat uncertain whether after discharge of their 
secretion they become reconverted into ordinary epithelium-cells, or whether they 
permanently maintain the chalice-like form, their cavity becoming again filled with 
secretion during rest. If the latter is the case the cells in question are analogous 
to the uni-cellular glands which are met with in the integument of some of the 
invertebrate animals. 

The cerium of a mucous membrane consists of connective tissue, either areolar 
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Fig. 464. — A. Columnar kpithblium 

FROM THB MUCOUS MEMBRANE OF 
THE TRACHEA. (E. A. S.) 

m^y w^, wi^, mncu»*Hccreting cells 
between the ciliated cells, showing 
three stages in the formation of the 
secretion. 




B. — A MUCUS-SECRETING 
CELL FROM THE TRA- 
CHEA ; MORE HIGHLY 
MAGNIFIED. 



STRUCTURE OP MUCOUS MEMBRANES. 



407 



or retiform tissue. It is usually bounded next to the epithelium by a basement 
membrane (fig. 465, bm), and next to the submucous tissue by a thin layer of non- 
striated muscular tissue termed the mtiscularis mucosce (mm). 

The basement memhrane is not everywhere demonstrable, but where it is well 
marked it appears in section as a thin line immediately underlying the epithelium. 
Viewed on the flat and with the superjacent epithelium removed, the membrane in 
question seems at first sight homogeneous ; but treatment with nitrate of silver 
brings to view the outlines of the flattened cells of which it is in reality composed. 

Fig. 465.— Skotiok or mucous msmbrame from 

THK STOMACH OF THE KAMGAKOO. MAGNI- 
FIED ABOUT 260 DIAMETERS. (E. A. S. ) 

fj columnar epithelium of the surface, con- 
tinned into the neck, n, of the simple tubular 
glands, gl ; but becoming at first cubical, and 
then polyhedral towards the base, 6, of the 
glands ; It, lymphoid tissue ; &m, basement 
membrane, bounding the coriam superficially ; 
mm, muscnlaris mucosae, bounding the mucous 
membrane at its attached surface, and sending 
small bundles of plain muscular tissue between 
the glands. The commencement of a lymphatic 
vessel is shown between two of the glands. 

It is not always a complete membrane, 
for in some parts the cells composing 
it, instead of adhering closely by their 
edges, intercommunicate by branching 
processes so as to form a network 
instead of a continuous membrane. 
The basement membrane follows all 
the eminences and depressions of the 
surface of the mucous membrane, dip- 
ping down to take part in the forma- 
tion of the wall of the glands, and 
passing over the raised villi and other 
prominences. 

The muscularis mucosce forms the deepest part of a mucous membrane, but it is 
not everywhere present. It is best developed in the mucous membrane of the 
alimentary canal, in some parts of which it may consist of two layers, in the one of 
which the fibres are longitudinal, in the other circular in direction. From its inner 
surface muscular bundles bend inwards into the thickness of the mucous membrane, 
passing between the glands contained within it, and even into its prominences, so 
as in many cases to reach and become attached to the basement-membrane covering 
them (as in the villi of the small intestine). The muscularis mucosae is a part 
therefore of the mucous membrane, and is not to be confounded with the muscular 
coat proper, which forms a separate layer in most of the hollow viscera. 

The connective tissue layer or c<^rium proper varies much in structure in different 
parts. In some situations, ajs in the gullet, bladder, and v^ina, the filamentous 
connective tissue is abundant, and extends throughout its whole thickness, forming 
a continuous and tolerably compact web, and rendering the mucous membrane of 
those parts comparatively stout and tough. In the stomach and intestines, on the 
other hand, where the membrane is pervaded by tubular glands, the tissue between 
these is chiefly retiform or lymphoid tissue (fig. 465, //) with but few white and 
elastic fibres, and hence in these situations the membrane, although thicker, is far 
less firm and tough than in parts where much of the white connective tissue is 
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fonnd. In other mucous membranes transitions are met with between these two 
extremes. 

It freqaentlj happens that in certain circamscribed places the lymphoid tissae 
is greatly increased in amount, and becomes densely packed with lymphoid celk 
In this way tbe so-called solitary glands, lymphoid follicles or lymphoid nodules are 
produced. If there are many lymphoid nodules adjacent to one another, so as to 
make up a localized patch, a so-called agminated gland is formed, or if massed 
together more thickly, a lymphoid organ like the tonsil. These collections of 
lymphoid tissue, which may if large extend, on the one hand, down into the sub- 
mucous tissue, and on the other, upwards into the epithelium, have been already 
referred to (p. 888), and will be more particularly described when the several parts 
in which they occur come under consideration. The lymph-cells of this tissne 
migrate between the cells of the epithelium which covers the surface, and may even 
become free in considerable numbers in the fluid which moistens the surface (Stohr). 
The purpose served by this emigration of lymph-cells is not understood. 

Blood-v6BS6l« are abundant in most mucous membranes. The branches of the 
arteries and veins, dividing in the submucous tissue, send smaller branches into the 
corium, which divide to form a network of capillaries in the latter. This capillaiy 
network lies immediately beneath the epithelium, or the basement-membrane when 
this is present, advancing into the villi and papillsB to be presently described, and 
surrounding the tubes and other glandular recesses. The lymphaticB also form 
networks of clefb-like vessels in the mucous membrane, which communicate with 
plexuses of larger valved vessels in the submucous tissue ; they commence either bj 
blind djgprticula, as in the villi, or in the form of a superficial network, which is almost 
always more deeply placed than the network of blood-capillaries. The lymphatic 
vessels often form sinus-like dilatations around the bases of the lymphoid nodules. 

The nerves of mucous membranes seem chiefly to be distributed to the mns- 
cularis mucosae where this exists. Before proceeding to their destination they are 
in many parts collected together to form a gangliated plexus in the submncons 
tissue, such as the plexus of Meissner in the alimentary canaL Some nerves pass 
however to the epithelium and terminate between the epithelial cells ; at least this 
lias been shown to be the case in the stratified epithelium which covers the mucoos 
membranes of certain parts. 

Papilla and villL — ^The free surface of the mucous membranes is in some parts 
plain, but in others is beset with little eminences named papilles and villi. The 
papillcB are best seen on the tongue ; they are small processes of the corium, mostly 
of a conical or cylindrical figure, containing blood-vessels and nerves, and covered 
with epithelium. Some are small and simple, others larger and covered with 
secondary papillae. They serve various purposes ; some of them no doubt minister 
to the senses of taste and touch, many appear to have chiefly a mechanical oflSce, 
while others would seem to give greater extension to the surface of the corium for 
the production of a thick coating of epithelium. The vUU are most fully developed 
on the mucous coat of the small intestines. Being set close together like the pile 
of velvet, they give to the parts of the membrane which they cover the aspect 
usually denominated '^ villous.'' They are in reality little elevations or processes of 
the corium, covered with epithelium, and containing blood-vessels and lacteals, which 
are thus favourably disposed for absorbing nutrient matters from the intestine. 
The more detailed description of the papillae and villi belongs to the special anatomy 
of the parts in which they occur. 

In some few portions of the mucous membranes the surface is marked with fine 
ridges which intersect each other in a reticular manner, and thus inclose larger and 
smaller polygonal pits or recesses. This peculiar character of the surface of the 
membrane, which has been termed " alveolar," is seen very distinctly in the gall- 
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bladder, and on a finer scale in the vesicnlas seminaleB ; still more minute alveolar 
recesses with intervening ridges may be discovered with a lens on the mncons 
membrane of the stomach. 

Olands of mucoiui memliraneB. — Many, indeed most, of the glands of the 
body pour their secretions into the great passages lined by macous membranes ; but 
there are certain small secreting glands which may be said to belong to the mem- 
brane itself, inasmuch as they are found in numbers over large tracts of that mem- 
brane, and yield mucus or special secretions known to be formed in particular 
portions of the membrane. Omitting local peculiarities the glands referred to may 
be described as of two kinds, viz. : — 

I. SimpU tubular glatids {crypts), — These are minute tubes formed by recesses 
or inversions of the basement membrane, and lined with epithelium (fig. 465, gl). 
They are usually placed perpendicularly to the sur&ce and often very closely 
together, and they constitute the chief substance of the mucous membrane in those 
parts where they abound, its thickness depending on the length of the tubes, which 
difiers considerably in different regions. The tubes open by one end on the surface ; 
the other end is closed, and is either simple or cleft into two or more branches. 
Such tubular glands are abundant in the stomach, and in the small and large 
intestines, where they are comparatively short and known as the crypts of Lieber- 
kiihn. They exist also in considerable numbers in the mucous membrane of the 
Qtems, when they are longer and tend to be convoluted. 

II. Small racemose glands.— J] nAsr this head are here comprehended minute 
glands of the racemose or acino-tubular kind, which open on the surface of the 
membrane by a longer or shorter duct. Numbers of these, yielding some ai mucous, 
others a more albuminous or watery secretion, open into the mouth. To the naked 
eye they have the appearance of small solid bodies, often of a flattened lenticular 
form, but varying much both in shape and size, and placed at different depths below 
the mucous membrane on which their ducts open. They are also met with 
throughout the pharynx and gullet and in the larynx, trachea, and bronchial tubes, 
but in all these parts their secretion is purely of a mucous character. The glands of 
Bmnner, which are met with in the submucous tissue of the duodenum, near its 
junction with the stomach, also bear a superficial resemblance to the racemose 
mucous glands, and in minute structure they are not unlike them, but the nature of 
their secretion appears to be different. 

The seyeial mncons membranes are described more in detail when the organs of which the j 
form a part are treated of, and the works which refer to them may then also be mentioned 
most appropriately. 
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THS SKIN. 

The skia consists of the cutis vera or coriura, and the cuticle or epidermis. 

The epidermuiy cuticle, or Bcarf-sldn, belongs to the class of stratified 
epithelia, the general nature of which has been ab-eady considered. It forms a pro- 
tective covering over every part of the true skin. The thickness of the cuticle varies 
in different parts of the surface, measuring in some places not more than ^i^th, and 
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Fig. 466. — Section OF human bpidib- 

MIS WITH TWO TAjSCULAR PAPILLJi 

OK THS coRiUM. (HeitzmaiiD.) 

B.P, loop of capillary vessels in 
papilla ; V', rete mucosum ; P.L, 
stratum granolosum ; E, stratum cor- 
neum \ D to p, duct of sweat-gland 
passing through the epidermis. 

in other parts, as much as ^\ th 
of an inch (about a millimeter), 
or even more than this in some 
individuals. It is thickest in 
tbe palms of the hands and 
soles of the feet, where the skin 
is much exposed to intermittent 
pressure, and it is not impro- 
bable that such pressure may 
serve to stimulate the adjacent 
true skin to a more active formation of epidermis ; but the difference does not 
depend immediately on external causes, for it is well marked even in the foetus. 

The more firm and transparent superficial part, or homy layer, of the epi- 
dermis, may be separated after maceration from the deeper, softer, more opaque, 
and recently formed part, which constitutes what is called the Malpighian layer, or 
rete mucosum. 

The under or attached surface of the cuticle is moulded on the adjoining sui-faa- 
of the corium, and, when separated by maceration or putrefection, presents impres- 
sions corresponding exactly with the papillary or other eminences, and the furrows 
or depressions of the true skin ; the more prominent inequalities of the latter are 
marked also on the outer surface of the cuticle, but less accurately. Fine tubular 
prolongations of the cuticle sink down into the ducts of the sweat-glands, and are 
often partially drawn out from their recesses when the cuticle is detached, appearing 
then like threads proceeding from its under surface. 

Structure. — The cuticle is made up of cells agglutinated together in many 
irregular layers. The deepest cells are elongated in figure, and placed perpendi- 
cularly on the surface of the corium (fig. 467, ^) ; they are denticulate at their 
lower ends, and fit into corresponding fine denticulations of the corium. The 
perpendicular cells generally form one stratum ; above them are cells of a more 
rounded or polyhedral shape (d). The cells have fine intercellular clefts or chan- 
nels between them, bridged across by fibres which pass from cell to cell, as in all 
stratified epithelia (see p. 196). These so-called " spiny cells" form several strata; 
above, they become gradually more flattened, conformably to the surface, until a 
layer, often incomplete, is reached in which the cells have a markedly granular appear- 
ance (Langerhans). This has been termed the stratum granulosum. The granules 
in the cells are composed of a peculiar matter {eleidin of Ranvier, keratohyalin of 
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Waldeyer), staining deeply with carmine, and they are thought by some to have an 
intimate relation to the formation of the homy substance in the more superficial 
cells. Immediately above the sti-atum granulosum is a clear-looking layer in which 
the outlines of the cells are somewhat indistinct, owing to the fact that they have 
undergone a transformation into homy matierial. This layer, which is not always 
sharply marked off from the one superficial to it, has been termed stratum 
liiddum, and may be looked upon as the commencement of the homy layer of the 
epidermis. Superficial to it is a stratum which in some parts is of considerable thick- 
ness, and in which the cells are much enlarged, and the nuclei in many cases no 
longer visible {a) : still nearer the surface this passes into a stratum of hard 
flattened scales which are being thrown off by desquamation. As the cells change 
their form, they undergo chemical and physical changes in the nature of their 
contents ; for in the rete mucosum they consist of a soft, granular, protoplasmic 
matter, whilst the superficial ones are transparent, dry, and homy. These dry hard 





Fig. 467. — Section of ei'idkrmis from the skin of the finger, coloured by picrocarmink. 

(Banvier. ) 
a, Btratam coroeum ; 6, stratum lucidam, some of the cells of which are fiUed with flakes of eleidln ; 
c, stratum granulosum, full of eleidin granules or drops ; d, spring and fibrous cells of rete mucosum ; 
'', dentations of deepest cells, for attachment to cutis vera. 

Fig. 468.— Skin of the nroro, vertical section, magnified 250 diameters. (Kolliker.) 

«, a, cutaneous papillae ; 6, undermost and dark-coloured layer of oblong vertical epidermis-cells ; 
c, mucous or Malpighian layer ; rf, homy layer. 

scales may be made to reassume their cellular form, by exposure for a few minutes 
to a solution of caustic potash or soda, and then to water. Under this treatment 
they are softened by the alkali, and distended by imbibition of water. 

As Zander has pointed out, there are two types of homy layers in the epidermis. 
The epidermis which covers the greater part of the surface of the body has a 
horny layer which is composed exclusively of thin flattened scales, whereas that 
which covers those parts of the skin which have a thicker epidermis and are not 
provided with hairs, is mainly composed of large swollen-out cells, with a central 
cavity. These cells perhaps represent the epitrichial layer which during a certain 
period of foetal development covers the whole surface of the body, but is thrown off 
elsewhere as the hairs become developed (see next page). 

Many of the oells of the cuticle contain pigment-granules, and in parts give the 
ttiembrane more or less of a tawny colour, even in the white races of mankind ; the 
hlackness of the skin in the negi'o depends entirely on the cuticle. The pigment is 

VOL, I. B , 



412 



THE SKIN. 




contained principally in the cells of the deep layer or the rete mucosum (fig. 468), 
bnt even the superficial part possesses a certain degree of colour. 

In the intercellular channels of the Malpighian layer lymph-corpuscles, rounded 
or branched, are occasionally observed, and these, in the negro, may also contain 
pigment-granules. It has been supposed that these cells may act as carriers of 
pigment to the epidermis, since leucocytes containing pigment are also found in the 
negro in the superficial layers of the cutis vera. This is also the case in the bronzed 
skin of Addison's disease. 

Bevelopment of the EpidermiB. — The epidermis is derived from the cnta- 
neous epiblast. Up to about the second month of intra-uterine life it consists, 
according to Kolliker, of two layers of protoplasmic cells, of which the deeper are 
smaller and rounded, the more superficial larger and polygonal. The latter multiply, 
and in the second month are two or three cells deep ; they are clearer and more 
flattened out than the deep layer of cells, and stain less deeply with cannine. 

Fig. 469. — Skctiok of epidermis from the occi- 
put OF A FOSTUs OP 2^ MONTHS. (Bowen.) 

Fig. 470. — Section of epidermis from the palm 

OF A 3 MONTHS FOETUS. (BOWCD.) 

qoj epitrichial layer. 

Between the second and third month then* 
is found, according to the observations ut 
Minot and Bowen, forming the most super- 
ficial layer of the epidermis, a stratum of 
enlarged, swollen-out cells (fig. 469). 
These were first noticed by Zander upon 
the fingers and toes of embryoes of about 
thirteen weeks or more, and were termed by him ** bladder " cells. The layer 
increases for a time in thickness, so as to be two or three cells deep (fig. 470), 
or even in certain parts, e.g., over the situation of the developing nails and on the 
palmar surface of the hand and feet, to acquire a considerable thickness. Here the 
stratum seems to persist, but it disappears over the body of the nail, and also 
over the remainder of the surface of the skin, so that by the sixth month it is 
only found near the free border and root of the nail, and perhaps forming the thick 
horny layer of the palms and soles, which belongs to the second type of homy layer of 
Zander. This layer of bladder-like cells appears to correspond with an epithelial 
membrane which was first noticed by Welcker in a sloth-embryo, covering the 
surface of the body and lying over the developing hairs, hence named by him 
fpitrichium. It has accordingly been termed the epitrichial Jayei\ and has been 
shown to be of wide occurrence in the embryoes of mammals and birds, and also U' 
be represented in reptiles. 

The cells of the foetal epidermis underneath this epitrichial layer form the 
Malpighian layer, and eventually the more superficial develop granules of eleidin and 
become keratinized, so that a stratum comeum is produced. After the throwin? 
off of the epitrichial layer, the superficial cells of the stratum corneum also become 
gradually cast off, whilst others pass from the Malpighian layer to replace them. 
The cast-off scales, mingled with secretion of the cutaneous glands, form it with a 
yellowish caseous layer covering the surfiEice of the foetus (smegma embryonnm. 
vemix caseosa), and occurring also in flakes in the anmiotic fluid. 

The pigmentation of the Malpighian layer in the coloured races of mankiuti 
frequently does not appear until a day or two after birth ; probably because it is 
concealed by the moist and therefore opaque epidermis over it. In the negro the 
pigment is certainly present even some weeks l)efore term. 
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The growth of epidermis continues throughout life. The cells of the Malpighian 
layer are constantly undergoing multiplication, and the new cells thus produced 
push outwards those which are previously formed. The more superficial cells of the 
Malpighian layer are thus continually passing on to reinforce the horny layer, the 
cells as they proceed outwards becoming flattened and transformed into horny 
matter. This change seems to occur quite abruptly when the stratum lucidum is 
reached ; beyond this the cells again swell out somewhat, until on reaching the 
most superficial layers they are entirely transformed into structureless homy scales 
which are constantly undergoing desquamation. The cells of the stratum lucidum 
sometimes contain drops of a semi-fluid substance which stains similarly to the 
eleidin of the stratum granulosum (fig. 467, b). It has accordingly been inferred 
that the homy substance of these cells and therefore of the whole horny layer of the 
epidermis is due to a chemical transformation of the eleidin which is formed in the 
most superficial layer of the rete mucosum. But a genetic relation between eleidin 
and keratin is rendered improbable if the statement which has been made by some 
authors is correct, that in some parts of the epidermis where a large amount of keratin 
is produced, eleidin granules are not formed within the cells of the rete mucosum. 

There is reason to suppose that the regeneration of epidermis, when a portion 
has been removed by a blister or wound of any kind, takes place, like its growth, 
only from cells of the Malpighian layer. If the whole of the epidermis has been 
destroyed or removed over an extensive surface, the process of regeneration is very 
slow, since the new covering has to grow in from the epidermis at the margins of 
the wound. But if the deeper cells have not been wholly removed the regeneration 
may start from the places where any of them still remain, and the formation of the 
new covering is proportionately quicker. In the operation of skin-grafting so-called, 
the surgeon endeavours to transplant from a healthy portion of skin small pieces of 
the epidermis, including its deeper layers, to the denuded surface : if the operation 
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Pig. 471. — Vertical skction of thk /" 

SKIK AND SUBCCTAMK0U8 TI8SUK, -rj^.. 

IROX THK END o¥ THK THUMB, 
ACROSS THE RID0B8 AND FURROWS. 
MaQKIFIBD 20 DIAMBTKRS. 

(KbUiker.) 

a, horny, and h, Malpighian layer of 
the epidermis ; c, corium ; </, panni- 
cuius €uUponta ; e, papillie on the 
^^S^ ; ft fat-clusters ; g, sweat-glands ; 
A, Bweat-ducts ; i, their openings on 
the surface. 

succeed, each such graft acts as 
a centre from which the new 
formation of epidermis may 
spi-ead, and in this way the raw 
surface may be much more 
speedily covered. 

The True Skin, Cutis 
Vera, Derma, or Corium, is 
a sentient and vascular fibrous /- 
texture. It is covered and de- 
fended, as already explained, by 
the non-vascular cuticle, and is 
attached to the parts beneath by a layer of areolar tissue, named "subcuta- 
neous," which, excepting in a few parts, contains fat, and has therefore been 
<^Ued also the "panniculusadiposus " (fig. 471, d). The connection is in many 
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parts loose and moveable, iu oLhers close and firm, as on the palmar surface of 
the hand and the sole of the foot, where the skin is fixed to the subjacent 
fascia by numerous stout fibrous bands, the space between being filled with a firm 
padding of fat. In some regions of the body the skin is moved bj striated muscular 
fibres, which may be unconnected with fixed parts, as in the case of the orbicular 
muscle of the mouth, or may be attached beneath to bones or fasciae, like the other 
cutaneous muscles of the face and neck, and the short palmar muscle of the hand. 

Stmctiire. — The cutis vem is made up of an extremely strong and tough 
firamework of interlaced connective tissue fibres. The fibres are chiefly of the white 
variety, such as constitute the main part of the fibrous and areolar tissues, and are 
arranged in stout interlacing bundles, except at and near the surface, where the 
texture of the corium becomes finer and closer. With these are mixed elastic fibres, 
which vary in amount in different parts, and connective tissue corpuscles, which 
are often flattened up against the bundles of white fibres. Towards the attached 
sur&ce the texture becomes much more open, with larger meshes, in which lumps 
of fat and the sweat-glands are lodged ; and thus the fibrous part of the skiii, 
becoming more and more lax and more mixed wuth fat, blends gradually with the 
subcutaneous areolar tissue. 

In consequence of this gradual transition of the corium into the subjacent 
tissue, its thickness cannot be assigned with perfect precision. As a general rule, it 
is thicker on the posterior aspect of the bead, neck, and trunk, than in front ; and 
thicker on the outer than on the inner side of the limbs, and as well as the cuticle, 
it is remarkably thick on the soles of the feet and palms of the hands. The skin of 
the female is thinner than that of the male. 

The skin is generally said to measnre from ^th of an inch to nearly |th of an inch 
(*5 to 3 millimeters) ; but it has been pointed out by Warren that, on the back and shoulders, 
it may be as thick as 5 or 6 mm. ; and here it is almost entirely formed of dense anastomoainfr 
bundles of connective tissue, Bending down on the one hand fibrous prolongations through 
the subjacent panniculus adiposus, and being penetrated obliquely on the other hand by 
columns of fat cells, which extend from that layer to the bases of the small hair-follicles, and 
conduct blood-vessels to these and to the surface of the skin. 

Bundles of plain muscular tissue are distributed in the substance of the coriam 
wherever hairs occur ; their connection with the latter will be afl^erwards explained. 
Muscular bundles of the same kind are found in the subcutaneous tissue of the 
scrotum, penis, perineum, and areola of the nipple, as well as in the nipple itself. 
They join to form reticular layers, attached to the under-surface of the corium. 
In the areola they are disposed circularly. 

For convenience of description it is not unusual to speak of the corium as 
consisting of two layers, the " reticular " and the " papillary." The former, the 
more deeply seated, takes no part in the construction of the papillss, but contains in 
its meshes hair-follicles, cutaneous glands, and fat. The latter is extended into 
papillas, and receives only the upper portion of the hair-follicles and glands, together 
with the terminal expansion of the blood-vessels. 

The free surface of the cutis vera is marked in various places with larger or 
smaller furrows, which also affect the superjacent cuticle. The larger of them are 
seen opposite the flexures of the joints, as those so well known in the palm of the 
hand and at the joints of the fingers. The finer furrows intersect each other at 
various angles, and may be seen almost all over the surface ; they are ver}' 
conspicuous on the back of the hands. Fine curvilinear ridges, with intervening 
furrows, mark the skin of the palm and sole ; these are produced by the ranges of 
papillae, to be immediately described : they form definite patterns, characteristic 
of each individual, but at the same time capable of being classified under a rela- 
tively small number of heads. Moreover, these patterns are permanent and do 
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not alter as growth advances, the impression obtained from the hand of a young child 
being identical even in the most minute details (although of course somewhat less 
displayed) with that obtained from the same individual when grown up (F. Galton). 
FapillsB. — ^The free service of the corium is beset with small eminences thus 
named, which seem chiefly to contribute to the perfection of the skin as an organ of 
touch, seeing that they are highly developed where the sense of touch is exquisite. 
They serve also to extend the surface for the production of the cuticular tissue, and 
hence are large-sized and numerous under the nail. The papillae are large, and in 
close array on the palm of the hand and palmar surface of the fingers, and on the 
corresponding parts of the foot In these places they are ranged in lines forming the 
characteristic curvilinear ridges seen when the skin is still covered with its thick 
epidermis. They are of a conical figure, rounded or blunt at 
the top and sometimes cleft into two or more points when 
they are named compound papillse. They are received into 
con'esponding pits on the under-surface of the cuticle. In 





Fig. 472. — Maohifibd vikw of four of thb kidobs of tub bpiubrmih, with short furrows or 

KOTCHB8 ACROSS THBM '. ALSO THB OPBNINGS OF THB 8UDORIFKR0UB DUCTS. (After Breschot) 

Fig. 473.— Compound papilljc from thb palm of thb hand, maonifibd 60 diambtbrs. 

a, bAsis of a papiUa ; b, b, divisions or branches of tbe same ; c, c, branches belonging to papillae of 
which the bases are hidden from view. (After KbUiker. ) 

Structure they resemble the rest of the superficial layer of the corium, and consist 
of a finely fibrillated tissue, with a few elastic fibres. The bundles of fibrils chiefly 
run parallel to the axis of the papilla and the fibrils appear to end near its surface, 
which has a somewhat corrugated aspect. On the palm, sole, and nipple, where 
they are mostly of the compound variety, they measure from j^-otb to y^ th of an 
inch (0"125 to 0*25 ram.) in height. In the ridges, the larger papillae are placed 
sometimes in single but more commonly in double rows, with smaller ones between 
them (fig. 471), that is, also on the ridges, for there are none in the intervening 
grooves. These ridges are marked at short and tolerably regular intervals with 
notches or short transverse furrows, in each of which, about its middle, is the minute 
funnel-shaped orifice of the duct of a sweat-gland (fig. 472). In other parts of the 
skin endowed with less tactile sensibility, the papilte are broader, shorter, fewer in 
number, and irregularly scattered. On the face they are reduced to from ^J„ 
^ T^o of an inch ; and here they at parts disappear altogether, or are replaced by 
slightly elevated reticular ridges. Fine blood-vessels enter most of the papillae, 
forming either simple capillary loops in each, or dividing into two or more capillary 
branches, according to the size of the papilla and its simple or composite form. 
Other papillae receive nerves, to be presently noticed. 

Blood-v6BB6l« and lymphaticB. — The arteries divide in the subcutaneous 
tissue, and, as their branches pass from this deep expansion towards the surface of 
the skin, they supply oflTsets to the fat-clusters, sweat-glands, and hair-follicles. 
They divide and anastomose again near the surface, And at length, on reaching it, 
form a network of capillaries, with polygonal meshes. Fine looped branches 
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from the superficial arteries into the papillag, as abeady mentioned. The veins 
closely accompany the arteries. 

Lymphatics are found in all parts, although probably not everywhere in equal 
number ; they are abundant and large in some parts of the skin, as on the scrotum 
and round the nipple. They form at least two networks, one superficial and another 
more deeply situated, which intercommunicate by uniting vessels, whilst the deeper 
network joins the lymphatics of the subcutaneous tissue. According to Klein 
there is a continuous plexus through the whole thickness of the corium^ and all the 
vessels possess valves. The most superficial network, although close to the surface 
of the corium, is beneath the net of superficial blood-capillaries, which are much 
smaller than the lymphatic capillaries. In certain parts on the palm and sole 
lymphatics pass into the papillae, but do not reach their summits. Other lymphatics 
accompany the blood-vessels, two passing commonly with each small artery and 
vein, and joining and anastomosing over the vessels. 

As in other kinds of connective tissue, the lymphatics of the skin may be said to ori^ate 
in the cell-spaces of the tissue, and since the cells lie for the most part in rows between the 
bundles, the combined spaces form interfascicular clefts which can be injected with the lym- 
phatics. The superficial cell-spaces communicate with the intercellular channels of the 
epithelium, and thus these also are brought into connection with the lymphatic& The cell- 
spaces of the adipose tissue can similarly be injected. 

VerveB. — Fine varicose nerve-fibrils pass up into the epidermis, penetrating 
between the cells of the Malpighian layer (fig. 474), where they undergo a cer- 



Fig. 474. — Skction of epidermis 

FROM THE HUMAN HANI>. HiGHLT 

MAQNiFiKD. (Rauvier.) 

Zr, homy layer, consisting of «. 
superficial homy scales ; #ir, swollen- 
out homy cells ; s.l, stratum lucidnm; 
M, rete mucosum or Malpighian layer, 
consisting of jp, prickle-ceUs, seTenJ 
rows deep ; and c, elongated cells 
forming a single stratum near the 
coi-ium ; n, "part of a plexus of 
nerre-fibres in the superficial layer 
of tho cutis vera. From this 
plexus, fine raricose nerve-fibrils 
may be traced passing up be- 
tween the cells of the Malpighian 
layer. 

tain amount of ramification. 
The branches do not unite 
with one another to form a 
network, but end in knob- 
like swellings or varicosi- 
^i c ties. With the growth and 
ji' displacement of the cells be- 
' tween which they are placed, 
these varicosities become, ac- 
cording to Ranvier, continu- 
ally detached from the end of the fibrils, the latter meanwhile growing constantly 
to supply the place of the detached portions. 

In the skin covering the snout of certain animals (f.g, mole) the nerres end in peculiar 
terminal or^ns (Elmer), formed of thickenings of the epidermis, the nerve-fibres passing a» 
an elongated bunch of closely set, somewhat zigzag, varicose, unbranched fibrils between the 
epidermis-cells. Besides these fibrils there are others at the periphery of the organ which arft 




NAILS. 



417 



less closely arranged, and terminate in branched extremities as in other parts of the epidermis. 
In the snont of the pig the branched axis cylinders pass partly into concavo-conyex enlarge- 
ments between the deeper epithelium cells (tactile menisci of Ranvier, see p. 336). 

Merkel has described the nerves of the epidermis as ending in pyrif orm cells (tactile cells) 
placed between the ordinary epithelial cells ; and Langerhans thought that the nerves could be 
traced to stellate cells in the interstitial spaces, but improved methods of staining with chlo- 
ride of gold, which have been employed in the investigation, would seem to render it probable 
that the termination of the nerve-fibrils in the cuticle is free as above described, and between 
the cells, not actually within them. 

Nerves are supplied in very different proportions to different regions of the true 
skin. They pass upwards towards the papillary surface, where they form plexuses, 
of which the meshes become closer as they approach the surface, and the con- 
stituent branches finer. From the most superficial or subepithelial plexus, which 



Fig. 475. — Skction ok skin showincj two 

PAPILLJi AN1> DEEPER LAYERS OF KPI- 

DERMI8. (Biesiadecki.) 

a, Vascular jMipUla with capillary loop 
(lAssing from subjacent veseel c ; A, nerve 
papilla with tactUe corpuscle, t. The latter 
exhibits transverse fibrous markings : three 
nerve-fibres, d, are represented as passing up 
to it : at// these are seen in optical section. 

lies immediately under the epithe- 
lium, delicate non-medullated fibrils 
pass upwards amongst the cells of 
the Malpighian layer of the epi- 
dermis, where they end, as we have /'^ 
seen, in free extremities. A large ^i 
share of the nerves of the cutis vera 
is distributed to the hair-follicles, 
whilst some terminate in end-bulbs, 
tactile corpuscles, and Pacinian 
bodies, the last-named being seated 
in the subcutaneous tissue. The 

tactile corpuscles of the skin are found most numerously in certain papillae of 
the palm and sole, more sparingly in those of the back of the hand and foot, the 
palmar surface of the fore-arm, and the nipple. Such papillae commonly contain 
no blood-vessels, and are named ** tactile " (fig. 475, ft), as distinguished from 
the " vascular " papillsB (a). The structure of these different terminal corpuscles 
has been already described (pp. 832 to 344). Many of the nerve-fibres, probably 
chiefly the non-medullated, are supplied to the plain muscular tissue of the minute 
hair-muscles, and to that of the blood-vessels. 




NAIIiB AND HAIBB. 

The nails and hairs are gi*owths of the epidermis, agreeing essentially in nature 
with that membrane. 

STailfl. — The posterior part of the nail, which is concealed in a groove of the skin, 
is named its " root," the uncovered part is the "body," which terminates in front by 
the " free edge." A small portion of the nail near the root, named from its shape 
the lunula^ is whiter than the rest. This appearance is due to the substance of the 
nail at this point possessing a greater degree of opacity in consequence of its being 
covered with a thick layer of the rete mucosum, the cells of which are in active 
process of division (Toldt). 



418 



THE SKIN. 



Tlie part of the corium to which the nail is attached, and by which in fact it is 
secreted or generated, is named the matrix. This portion of the skin is highly 
vascular and thickly covered with large vascular papillae. Posteriorly the matrix 
forms a crescentic groove or fold, deep in the middle but getting shallower at the 








Fig. 476. — Skction across tuk midi>lm or thk nail of a child of 8 days. (Ranyior.) 

e, body of the nail ; ^ nail-bed with its papillated ridges and rete mucosnm ; d, corium under nail- 
bed ; Pt fold at edge of nail : here the homy layer is separated from the mucous layer by a well marke<l 
stratum granuloeum, which is altogether lacking over the nail -bed ; a, skin of finger at side of nail. 

sides, which lodges the root of the nail ; the rest of the matrix, before the groove, 
is nsually named the bed of the nail. The small lighter-coloured part of the matrix 
nearest the groove and corresponding with the limula of the nail, is covered with 
papillae having no regular arrangement, but the whole remaining surface of the 



Fig. 477. — Section across thk nail and hiil- 
BR D. ( Heitunann ). 

Pf papiUac ; B^ rete mucosnm of nail-bed ; 
-V, nail. 



matrix situated in front of this, and 
hsnpporting the body of the nail, is 
marked with longitudinal ridges. 
These ridges are cleft at their sum- 
mits into rows of papillas, which 
are directed obliquely forwards and arc 
better marked towards the distal end of 
the nail. The ridges, or lum^fKt, as 
they are sometimes, and perhaps more 
suitably, named, fit into corresponding 
furrows on the under-surface of the 
nail-epidermis. At the posterior part 
of the matrix they are low, but increase 
in height anteriorly. 

The nail, like the cuticle, is made 
up of epithelial cells. The oldest and 
most superficial of these are the broadest and hardest, but at the same time very thin, 
and so intimately connected together that their respective limits are scarcely 
discernible. They form the exterior, horny part or nail proper, and cohere together 
in irregular layers. On the other hand, the youngest cells, which are those 
situated at the root and under-surface, are softer and of a polygonal shape. The 
deepest layer differs somewhat from the others, in having its cells elongated, and 
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arranged perpendicularly, as in the case of the epidermis. Tbas the under part of 
the nail (fig. 477, b) corresponds in nature with the Malpighian or mucous layer of 
the epidermis, and the upper part (c) with the horny layer. The most superficial 
cells of the Malpighian layer of the nail have a granular aspect, but this is due 
according to KoUiker not to the presence of actual granules, but to the spiny 
processes which unite them to one another. As in the case of epidermis, the 
hardened scales of the nails may be made to reassume their cellular character by 
treatment with caustic alkali, and afterwards with water : and then it is seen that 
they still retain their nuclei. 

Formatioii and growth of the aTails.— In the third month of intra-uterinelife, 
the part of the embryonic corium which becomes the matrix of the nail is marked 
off by the commencing curvilinear groove, which limits it posteriorly and laterally. 
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Kig. 47s.— Longitudinal section ov thk terminal phalanx ov thb third pinobr ov an embryo 

OF THB THIRD MONTH. SoMEWHAT MAONIPIBD. (After Bowen.) 

epf epitrichial ceUs, greatly multiplied at the nail-edge ep\ and forming the eponychium ep" above 
the nail fonnation, n. 

Pig. 479. — ^Longitudinal section op the great toe of an embryo of the fifth month. Some- 
what MAGNIFIED. (After Bowen.) 

ep, epitrichial layer ; ep\ thickening of epitrichium at the nail edge ; fp'\ remains of eponychium ; 
n, naU ; «./., stratum lucidura. 

The epidermis on the matrix then begins to assume, in the under part of its homy 
layer, the characters of a nail, which may, therefore, be said to be at first embedded 
in the embryonic cuticle, forming a highly developed stratum lucidum. The nail 
rudiment, which is preceded by and apparently formed from a layer of eleidin-cells 
(fig. 478, n), first appears near the posterior part of the matrix, and grows forward 
from this over the bed and backwards into the groove. After the end of the fifth 
month it becomes free at the anterior border, breaking through the thick layer of 
epidermis (eponychium) which covers it superficially. The remains of this layer 
continue throughout life partly covering the lunula. At the anterior edge of the 
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developing nail the superficial layer of the epidermis or epitrichial layer (vide anie^ 
p. 412) is greatly thickened, and below this thickening is a well-marked stratum 
lucidum and subjacent granular layer. Before the anterior border of the nail be- 
comes free, it appears to be continuous with the stratum lucidum in front of it At 
birth the iree end is long and thin, being manifestly the earlier formed part which 
has been pushed fon^ard. As the infantile nail continues to grow, its flattened 
cells, at first easily separable, become harder and more coherent, as in after-life. 

The average rate of growth of the nails is about ^ of an inch per week. 

The growth of the nail is effected by a constant generation of the cells of the 
Malpighian layer at the root. These cells acquire eleidin gi-anules, and each 
successive series being followed and pushed from their original place by others, 
they become flattened into dry, hard, and insepai-ably coherent scales. By this 
addition of new cells at the posterior edge the nail is made to advance, and by 
the apposition of similar particles to its under-surface at the lunula, it grows in 
thickness ; so that it is thicker at the anterior border of the lunula than nearer the 
root. It does not appear to increase in thickness while passing over the bed. 
When a nail is thrown off by suppuration, or pulled away by violence, a new oDe 
is produced in its place, provided any of the cells of the deeper layers of the 
epithelium are left. 

Eairs. — A hair consists of the root, which is fixed in the skin, and the shaft or 
stem. The stem is generally cylindrical, but may be morc or less flattened : when 
the hair is young, it becomes gradually smaller towards the point. The length and 
thickness vaiy greatly in different individuals and races of mankind as well as in 
different regions of the body. In the straight-haired races {e.g. Mongolian), the 
individual hairs are coarser and thicker and the section more circular than in the 
crigp-haired races (negro) in which the section is smaller and oval, the hairs bein^ 
sometimes markedly flattened. The section is largest in the North American Indians, 
Obinese, and especially in the Japanese. Light-coloured hair is usually finer than 
black. 

The stem is covered with a coating of finely imbricated scales, the upwardly 
projecting edges of which give rise to a series of fine waved transverse lines, which 

Fig. 480.— HuMAH HAIR. (E. A. S.) 

A, The surface of the hair focussed to show the cuticoUr 
scales. B, optical section. The medulla looks clear, the air 
having been expelled from it by Canada balsam. 

may be seen with the microscope on the surface of the 
hair {^g. 480, a). Within this scaly covering, caUed 
the hair-cuticle, is 9l fibrous or cortical substance which 
in all cases constitutes the chief part and often the 
whole of the stem ; but in many hairs the axis is oocn- 
pied by a substance of a different nature, called the 
medulla or pith. The fibrous substarue is translucent, with short longitudinal opaque 
streaks of darker colour intermixed. It is formed of straight, rigid, longitudinal fibres, 
which again may be resolved into flattened cells of a fusiform outline ; they may be 
marked with ridges and furrows, and united with one another by fibrils, as with 
the deeper ceUs of stratified epithelium (Waldeyer). The colour of the fibrous 
substance is caused by oblong patches of pigment-granules, and generally difiiised 
colouring matter of less intensity. Very slender elongated nuclei are also discovered 
by means of reagents, whilst specks or marks of another description in the fibrous 
substance are occasioned by minute irregularly-shaped cavities containing air. 
These air-lacunules are abundant in white hairs, and are best seen in them, there 
being no risk of deception from pigment-specks ; indeed they may be altogether 
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wanting in very dark hairs. Viewed by transmitted light they are dark, but 
brilliantly white by reflected light. When a white hair has been boiled in water, 
ether, or oil of turpentine, these cavities become filled with fluid, and are then quite 
pellucid ; but when a hair which has been thus treated is dried, the hair quickly 
iinds its way again into the lacunse, and they resume their original aspect. 

The medulla or fith^ as already remarked, does not exist in all hairs. It is want- 
ing in the fine hairs over the general surface of the body, and is not commonly met 
with in those of the head, nor in the hairs of children under five years. When present 



Pig. 481. — Hair-follicle, in longitudinal sskctiox. Mode- 
rately MAONiriED. (Biesiadecki.) 

a, mouth of the hair-follicle ; 6, its neck ; r, lower bulbous 
enlargement ; d^ e, dermic coat (outer and inner layers, the 
innermost or hyaline layer is not shown) ; /, g^ epidermic 
coat (outer and inner root-sheath) ; A, fibrous substance of the 
hair ; Jc, meduUa ; ^ hair-knob ; m, fat in the subcutaneous 
tissue ; n, arrector pili ; o, papilla of the cutis ; p, papilla of 
the hair-knob ; «, Malpighian layer of the epideriuis ; ep, 
homy layer, incorrectly represented in the figure as continuous 
with the inner root-sheath ; t, sebaceous gland. 

it occupies the centre of the shaft and ceases towards 
the point. It is composed of rows of cells, differing 
in shape, but generally angular, and in many animals 
exhibiting regular patterns. When viewed by trans- 
mitted light, it is black ; by reflected light, on the 
other hand, it is w hite, its colour being chiefly due to 
the contained air-particles which lie in spaces between 
the cells, but in the hairs of a few animals are 
within the cells. They are produced by the drying 
of the originally soft cells of the medulla, on the 
exposure of the growing hair to the atmosphere. 
The medulla may be interrupted at parts for a 
greater or less extent. In the latter case, the axis 
of the stem at the interruptions is fibrous like the 
surrounding parts. 

The root of the hair is lighter in colour and 
softer than the stem ; in young and growing hairs 
it swells out at its lower end into a bulbous enlarge- 
ment or knob (figs. 481, 483), but in older hairs 
which have ceased to grow and are in process of being 
shed, the termination of the root is not bulbous 
(fig. 488). The root of the hair is received into a 
recess of the skin named the hair-follicle^ which, 
when the hair is of considerable size, reaches down 
into the subcutaneous fat. 

The substance of the hair, of epidermic nature, is. 
like the epidermis itself, quite extra-yascular, but like 

that structure also, it is organised and subject to internal ~ * *^^ 

organic changes. Thus, in the progress of its growth. "' 

the cells change their figure, and acquire greater con- 
sistency. In consequence of their elongation, the hair, bulbous at the commencement, becomes 
reduced in diameter, and cylindrical above. But it cannot be said to what precise distance 
from the root organic changes may extend. Some have imagined that the hairs are slowly 
permeated by a fluid from the root to the point, but this has not been proved. The sudden 
change of the colour of the hair from dark to grey, which sometimes happens, has never been 
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satisfactorily explained : it appears generally to be due to the development of air between 
. the elongated cells composing the hair. 

The rate of growth of hair is about half-an-inch a month. 

Hairs are found on all parts of the skin except the palms of the hands and soles of the feet, the 
dorsal surface of the third phalanges of the fingers and toes, the glans, and the inner surface of 
the prepuce. On the scalp they are set in groups, on the rest of the skin for the most part singly. 
Except those of the eyelashes, which are implanted perpendicularly to the surface, they have 
usually a slanting direction, which is constant in the same parts. In the negro the hair-fol- 
licles have been found to be curved, so that the papilla may look in a direction parallel to or 
even away from the surface of the skin (Stewart). 

With the exception of the bones and teeth, no tissue of the body withstands decay after 
death so long as the hair, and hence it is often found preserved in sepulchres, when nothing 
else remains but the skeleton. 

Structure of the liair-foUide. — The follicle, which receives near its moath ihe 
opening ducts of one or more sebaceous glands (fig. 481, /), consists of an outer coat 
continuous with the corium, and an epidermic lining continuous with the cuticle. 

The outer or dermic coat of the follicle is thin but firm, and consists of three 
layers. The most external (fig. 482, a) is formed of connective tissue in longitudinal 
bundles, without elastic fibres, but with numerous corpuscles. It is highly vascolar, 
and provided with nerves. It is continuous above with the corium, and deter- 
mines the form of the follicle. The most internal layer (hyaline layer, Kolliker) 
(fig. 482, d) is a transparent homogeneous membrane, marked transversely on ite 
inner surface with some raised lines, and not reaching so high as the mouth of the 
follicle ; it corresponds with the membrana propria or basement membrane of allied 
structures. Between the two is a layer extending from the bottom of the follicle as 
high as the entrance of the sebaceous glands, composed of an indistinctly fibrous 
matrix, which tears transversely, and of transversely disposed connective tissue 
corpuscles, with oblong nuclei (fig. 482, c). This layer is continuous with the 
papillary part of the cutis vera, and its blood-vessels are continuous above with 
those of that layer. 

The epideimic coat of the follicle adheres closely to the root of the hair, and 
commonly separates, in great part, from the follicle and abides by the hair when the 

Fig. 482. — Section op hair-follicle. (Biesiadecki.) 

1, Dermic coat of follicle ; 2, epidermic coat or root-sheath : 
«, outer layer of dermic coat, with blood-vessels, 6, 6, cut across ; 
c, middle layer ; dy inner or hyaline kyer ; e, outer root-sheath ; 
/, fff inner root-sheath ; A, cuticle of root-sheath ; i, hair. 

latter is pulled out; hence it is sometimes named the " root- 
sheath." It consists of an outer, softer, and more opaque 
stratum (fig. 428, e), next to the dermic coat of the follicle, 
and an internal more transparent layer (fig. 482, /, //) 
next to the hair. The former, named also the outer root- 
slieath, and by much the thicker of the two, corresponds 
with the Malpighian layer of the epidermis in general, 
and contains soft polygonal cells, including pigment- 
granules in the coloured races, which at the lower part 
form a much thinner stratum and pass continuously 
into those of the hair-knob : the internal layer or inner 
root-sheath, probably represents the stratum lucidum of 
the epideiinis, but is not continuous with that part of the skin, ceasing abruptly a 
little below the orifices of the sebaceous ducts. Lining the root-sheath internally 
is a layer of imbricated, downwardly-projecting scales, the cuticle of the root-shsath 
(fig. 482, A), which is applied to the cuticle of the hair proper, to whose upwardly 
directed scales it fits like a mould. Its scales, as well as those of the hair-cuticle, 
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pass, at the bottom of the follicle, into a layer of columnar cells which covers the 
surface of the hair-knob. The inner root-sheath itself consists of two layers, which 
towards the bottom of the follicle become blended into one. The innermost (that 

Fig. 483. — LoNOITUDTNAL SKCTION THROUGH Til K 
FUNDUS OF A HAIR-FOLLIOLE OF TUB HUMAN 

SCALP. ( Mertsching. ) 

a, oater, longitndinal layer of the dermic coat : 
b, inner, circalar layer ; c, hyaline layer, which 
seema to be formed of two layers ; rf, papilla, 
somewhat prolonged amongst the celU from which\ 
the medalla ia forming : this is not an uncom- 
mon condition ; e, outer root-sheath, composed 
near the bottom of the follicle of only two layers 
of cells, of which the outer e' is the direct pro- 
longation of the columnar cells, while the inner 
r" is in contact with Henle's layer and is formed 
of more flattened cells : both pass over the 
papilla into the cells of the hair-bulb ; /, Henle's 
sheath, showing nuclei only below at the level of 
the papilla : at the bottom of the follicle it is 
continuous with the cells of the hair-cuticle, I' : 
if, Huxley^s layer, passing round into continuity 
with the cuticle of the root-sheath, A ; /, cells 
which are becoming transformed into the hair-cor- 
tex ; m, medulla becoming formed from the cells 
which immediately cap the papilla. 

next the cuticnla) is known as Huxley^ 8 
laijer; it consists of flattened polygonal 
nucleated cells, two or three deep. The 
outermost {Hmles layer) is composed 
of oblong, somewhat flattened cells 
without nuclei, between which gaps 
frequently occur, so as to give it the 
aspect of a perforated membrane. These 
gaps are filled up by projections from 
the cells of Huxley's layer. At the 
lower part both layers pass into a single 
stratum of large polygonal nucleated 
cells without openings between them. 
At the upper part also of the follicle 
the two layers of the inner root-sheath 
are not distinguishable from one an- 
other (Ebner). 

The soft, bulbous enlargement of 
the root of the growing hair is formed 

of cells which are in course of multiplication, and are not arranged in definite strata, 
liaterally they are continuous with the cells of the outer root-sheath. Superficially 
they are becoming gradually transformed into the homy cells of the hair and of the 
inner root-sheath. At the bottom of the follicle they rest upon the hair-papilla, 
which may send a delicate extension between them. The papilla, which is vascular 
and also receives nerves, rises up into the bottom of the follicle, fitting into a cor- 
responding excavation of the hair-knob. In the large tactile hairs of animals it is 
very conspicuous. As the follicle, in short, is a recess of the corium, so the hair- 
papilla is a cutaneous papilla rising up in the bottom of it. 

Verves of the ludrs. — Nervous branches pass to the hair-follicles, and some, 
as just remarked, enter the papilla ; but besides these, many fibres pass into the 
outer root-sheathy where they appear to end as in the Malpighian layer of the 
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epidermis. In the tactile hairs of animals, the nerves were described by Schobl 
aa passing upwards over the outer root-sheath, losing their white substance, and 
forming a close plexus with vertical meshes ; finally ending in an annular expan- 
sion, which encircles the hair just below the orifices of the sebaceous glands, and is 
in immediate connection with the hyaline layer of the follicle. This statement has 
been generally confirmed, except that the annular expansion of Schobl has been 
shown to be an annular ramification of pale fibres amongst the cells of the outer root- 
sheath, some of the nerve-fibres becoming more superficial again and terminating in 
irregular, disk-like enlargements between the root-sheath and the hyaline layer. 
Ordinary hairs receive fewer nerve-fibres, but, as in the tactile hairs, most of these 
appear to end in the outer root-sheath at about the level of the orifices of the seba- 
ceous glands. In the larger tactile hairs the bulb is surrounded by cavernous tissue, 
which lies between the outer and middle layers of the dermic coat. 

Muscles of the hairs. — Slender bundles of plain muscular tissue (arrectores 
pili) are connected with the hair-follicles (figs. 481 , 484). They arise, generally, by 
a number of fasciculi, from the most supeilicial part of the corium, and joining to 
form a somewhat flattened and plexiform muscle they pass down obliquely to be 
inserted into the outside of the follicle below the sebaceous glands, which they in a 





Fig. 484.— Suction op the «kin of the head, with two hair- follicles. Diaoramxatic. 

(KbUiker.) 

rt, epidermis ; h^ corium ; c, muscles of the hair-foUicIes. 

Fig. 485. — Hair-rudiment from an embryo of six weeks, magnified 350 diameters. (Kolliker.l 

a, homy, and 6, mucous or Malpighian layer of cuticle ; /, limitary membrane ; t/i, cells (some of 
which are assuming an oblong figure) which chiefiy form the future hair. 

measure embrace in their passage. lu the dermic coat of the follicle some of the 
muscular fibres become transverse, and partly encircle the lower part of the follicle. 
They are placed on the side to which the hair slopes, so that their action in elevating 
the hair is evident. When the hairs are in groups, as in the scalp, one muscle may 
divide as it passes to its insertion, and may be attached to several follicles (Hesse). 
In some parts a muscular slip is sent more deeply into the integument and becomes 
attached to the connective tissue which encloses a sweat-gland. 

Development of liair in the foatuii. — The rudiments of the hairs may be dis- 
fjemed at the end of the third or beginning of the fourth month of intra-uterine 
life, as little black specks beneath the cuticle. They are formed of down-growths of 
the Malpighian layer, which sink into the corium (fig. 485). A homogeneous limit- 
ing membrane is seen (i), inclosing the collection of cells, and continuous above 
with a similar simple film which at this time lies between the cuticle and the 
corium ; it becomes the innermost or hyaline layer of the dermic coat of the follicle. 
The hair-rudiment next lengthens and swells out at the bottom, so as to assume a 
flask -shape, and it is now found fitted over a papilla which has become formed in 
the subjacent corium. Outside the limitary membrane, the fibres, corpuscles, and 
other constituents of the dermic coat of the follicle become formed. While this is 
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going on outside, the cells within the follicle which at first were uniform in appearance, 
are found to have undergone changes, having become transformed into the layers 
of the root-sheath and the miniature conical hair. The inner root-sheath, lying next 
to the hair (fig. 486, k), is distinguished by its translucency from the more opaque 
outer part that fills up the rest of the cavity. The hair and the inner root-sheath 
are formed from the cells which cover the top of the papilla. These appear to 
acquire eleidin-granules, and also, in the case of those which produce the hair, pig- 








Fig. 486. — Dbvklofino hair fkom a human embryo of 4^ months, ^Ranvier.) 

p, papilla ; /, hair- rudiment ; ♦*, cells forming inner root-sheath ; il*, keratinized portion of inner root- 
f^hotth, remaining uncoloure^l by carmine ; <, external root-sheath ; ^, epithelial bed, for insertion of 
arrector pili ; «, sebaceous gland ; ty sebaceous matter forming independently in the part which will 
become the neck of the follicle. 



Fig. 487. — Replacement of 



OLD hair by a nbwlt devklopino 
(Ranvier. ) 



ONE IN THE HU3IAN SCALP. 



p, papilla of the new hair ; i, its inner root-sheath ; ^, its outer root-sheath continuous above with 
that of the old hair, p' ; r, epithelial projection at the level of the insertion of the arrector pili, m. 



ment-granules ; the eleidin-granules are stated to be most abundant in the cells 
which form the medulla of the hair and in those which form the inner root-sheath. 

As the young hair reaches in its growth the upper part of the follicle, the central 
cells which block the neck of the follicle undergo a kind of fatty degeneration, and 
disintegrate to produce a sebaceous secretion like that of the sebaceous glands (fig. 
486, /). The latter in the meantime are becoming formed as extensions of the 
outer root-sheath of the hair laterally into the corium («), and they soon open into 
the neck of the follicle. 

Between the soft c^lls of the hair-bulb in the growing hair there are frequently 
seen wander-cells, which contain pigment-granules, and it is supposed that the pig- 
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ment may be carried to the cells of the hair-bulb through their agency (Riehl). The 
young hair continuing to grow, at last perforates the cuticle, either directly, or after 
first slanting up for some way between the mucous and horny strata : it is often 
bent hke a whip, and then the doubled part protrudes. 

The first hairs produced constitute the lanugo ; their eruption takes place about 
the fifth month of intra-uterine life, but some of them are shed before birth, and are 
found floating in the liquor amnii. 

According to Kolliker's observations, the infantile hairs are entirely shed and 
renewed within a few months after birth ; those of the general surface first, and 
afterwards the hairs of the eyelashes and head, which he finds in process of change 
in infants about a year old. A formation of new hairs, preceded or accompanied by 
a shedding of the old ones, also goes on during the whole of life. The papilla of the 




Fig. 488. — LOXOITUDINAL SECTION TUauUOU THE FOLLICLE OF A HAIR WHICH HAS CEASED CROWING. 

(Ranyier.) 

m, epithelium at the bottom of the follicle (which contains no papilla) ; h, modified hair-bulb ; r, 
neck of the hair-follicle somewhat opened in preparing the section ; 8, sebaceous gland ; o, epithelial bud 
at the level of the insertion of the arrector pili. 

old hair atrophies and the hair-bulb disappears (fig. 488). The hair-root acquires a 
closer attachment to the sides of the follicle within which it gradually becomes shifted 
towards the suiiace of the skin, but all active growth ceases, and finally the hair 
drops out of the follicle. The new hairs are generated in the follicles of the old 
(fig. 487). An increased growth of cells takis place at one part, usually the bottom 
of the follicle, and a new papilla is produced within the mass of cells thus formed. 
These cells occupying the lower part of the follicle, and resting on the papilla, are 
gradually converted into a new hair with its root-sheath, just as in the primitiTC 
process of formation in the embryo. 

The selMuseous glands (figs. 481, 489) are small saccular glands which pour 
out their secretion at the roots of the hairs, for, with very few exceptions (labia 
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minora, and, in some individuals, at the red margin of the lips, near the angle ot the 
month), they open into the hair-follicles, and are found wherever there are hairs. 
Each has a short duct, which opens at a little distance within the mouth of the 
hair-follicle, and by its other end, leads to a cluster of small rounded secreting 
saccules, which as well as the duct are lined by epithelium (fig. 489), usually 
charged with the fatty secretion. The cells as they multiply and become filled with 
the fatty granules advance to the lumen of the alveoli. Here they become 
disintegrated, and the fatty and other matters with which they are charged form 
the secretion of the gland, which is dis- 
charged by the duct into the mouth of 
the hair-follicle. The number of saccular 
recesses connected with the duct usually 
varies from four or five to twenty ; it 
may be reduced to two or three, in very 
small glands, or even to one, but this is 
rare. These glands are lodged in the sub- 
stance of the cerium. They are usually placed 
on the side to which the hair slopes, and in the 
angle formed by the junction of the arrector 
pill with the hair, so that when the muscular 
fibres contract they tend to compress the 
gland. Several may open into the same hair- 
follicle, and their size is not regulated by the 
magnitude of the hair. Thus, some of the 
largest are connected with the fine downy 
hairs on the alse of the nose and other parts 
of the face, and there they often become 
unduly charged with pent-up secretion. 

The Meibomian glands of the eyelids are 
regarded as modified sebaceous glands. 

Development of the ee1>aceoiu glands. 
— ^The rudiments of the sebaceous glands 
sprout like little buds from the sides of the 
hair-follicles ; they are at first, in fact, excre- 
scences of the external root-sheath (fig. 486, «), 
and are composed entirely of similar cells. 
Each little process soon assumes a flask-shape 
and the central cells become occupied by fat particles. This fatty transformation 
of the cells extends itself along the axis of the pedicle until it penetrates through 
the root-sheath, and the fat-cells thus escape into the cavity of the hair-follicle, and 
constitute the first secretion of the sebaceous gland. They are soon succeeded by 
others of the same kind, and the little gland is estabUshed in its office. Additional 
saccules and recesses, by which the originally simple cavity of the gland is complicated, 
are formed by budding out of its epithelium, as the first was produced from the 
epithelial root-sheath, and are excavated in a similar manner. 

The andoriferone glands or swpat-glands (figs. 471 and 490). — ^These are 
seated on the under-surface of the corium, and at variable depths in the subcu- 
taneous adipose tissue. To the naked eye they have the appearance of small round 
reddish bodies, each of which, when examined with the microscope, is found to 
consist of a tube, coiled up into a ball (though sometimes forming an irregular or 
flattened figure) ; from which the tube is continued, as the duct of the gland, 
upwards through the true skin and cuticle, and opens on the surface by a slightly 
1 orifice. The secreting tube is considerably larger than the duct, and also 




Fig. 489.— LoKoiiODiiTAL'siOTioir or a bvbi- 

0B0U8 GLAND F&OX TBI OHBBK WITH ▲ 
SMALL HAIB GBOWIKO THROUGH ITS 
DUCT. HUXAK. (Toldt.) 
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has a much wider lumen (fig. 490). The duct, as it passes throagh the epidennis, 
is twisted like a corkscrew, that is, in parts where the epidermis issuflSciently thickto 
give room for this (fig. 466) ; lower down it is straight or but slightly curved. Some- 
times the duct is formed of two coiled-up branches which join at a short distance 
from the gland. The tube, both in the gland and where it forms the excretory 
duct, has a vascular investment of connective tissue, continuous with the coriam, 
and reaching no higher than the surface of the true skin, and within this invest- 
ment consists of a thin membrana propria and an epithelial lining. The epithelium in 
the gland proper is formed of a single layer of cubical or columnar cells (often con- 
taining brownish pigment) and, in the duct, of two or more layers bounded next the 




Fig. 490. — Skction of a swsat-olaitd iv 

THK HUMAH SKIN. (K A. S.) 

a, a, aecreting tube in traDsrene aection ; 
h, iHirt of secreting tube seen from above 
(suHace focus) ; c, e, efferent tube (com- 
mencing duct) ; d, intertnbular connectiTe 
tissue with blood-vessels. In the sectioo 
across the secreting tube 1 is the basement 
membrane ; 2, the muscular fibres cut across ; 
3, the secreting epithelium lining the tube. 

lumen by a fine cuticular lining. 
The epithelium of the duct is con- 
tinuous with the epidermis, the 
twisted part of the duct being merely 
a channel excavated between the 
epidermis cells. In the proper 
secreting portion of the gland be- 
tween the epithelium and the base- 
ment membrane, is a layer of longi- 
tudinally and obliquely disposed 
fibres which are generally described as plain muscular fibres, although the evident 
of their muscular nature is not conclusive (Tartuferi). They vary in amount 
and are best marked in the larger glands, where they form a complete layer; 
in smaller glands the layer is incomplete, and in the smallest the fibres may be 
altogether lacking. According to Bonnet the muscular layer is least developed in 
those parts of the skin which are most subject to the tension produced by contrac- 
tion of ordinary muscles, and in those glands which yield a more fluid secretion. 
The fibres are absent in the duct. The latter is often coiled two or three times before 
leaving the gland, but its coils are distinguislied from those of the gland proper by 
the differences above mentioned. The secreting cells of the sweat-glands show the 
peculiar striated structure characteristic of many gland-cells, and minute canals or 
clefts are said to pass from the lumen of the tube between the opposed surfaces of 
the cells (Banvier). In the large glands in the axilla, at the root of the penis, on 
the labia majora, and in the neighbourhood of the alius, the layer of so-called 
muscular fibre-cells between the epithelium and basement membrane is very well 
marked. In the larger glands, also, the duct is rarely simple, being more usually 
parted by repeated dichotomous division into several branches, which before ending 
give off short csBcal processes ; in rare cases the branches anastomose. On carefully 
detaching the cuticle from the true skin, after its connection has been loosened by 
putrefaction, it usually happens that the cuticular linings of the sweat-ducts get 
separated from their interior to a certain depth, and are drawn out in form of short 
threads attached to the under sur&ce of the epidermis. The coils of the gland-tube 
are loosely held together by connective tissue (fig. 490, d), which may form a sort of 
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oapsale round the bodj of the gland. Each little sweat-gland is supplied with a 
dense cluster of capillary blood-vessels. 

Distribntion. — Sweat-glands exist most numeroosly in regions unprovided with 
hairs, but they occur in all parts of the skin, and may in some cases open into hair- 
follicles. According to Krause, nearly 2,800 open on a square inch of the palm of 
the handy and somewhat fewer on an equal extent of the sole of the foot. He assigns 
rather more than half this number to a square inch on the back of the hand, and 
not quite so many to an equal portion of surface on the forehead, and the front and 
sides of the neck. On the breast, abdomen, and fore-arm, he reckons about 1100 to 
the inchy while on the lower limbs and the back part of the neck and trunk, the 
number in the same space is not more than from 400 to 600. 

The sise of the sweat-glands also varies. According to the observer last named, 
the average diameter of the coil is about -^ inch ; but in some parts they are larger 

Fig. 491. — Dbvklopinq swkat-glahds ybom a seven 
M0NTH8 FOETUS. Magkifibd 50 DiAMSTSBS. (Kolliker. ) 

a, homy layer of the epidermis ; 6, Malpighian layer ; 
df radimentary gland ; e, Inmen of the duct, opening at 
/ opon the surfaice of the skin. 

than this — as, for example, in the groin, but 
especially in the axilla. In this last situation 
Erause found the greater number to measure 
fix)m ^y to yV ^°^» *^d some nearly -J- inch 
in diameter. 

The development of the sweat-glands 
has been carefully studied by Kolliker. Their ' 
rudiments, when first discoverable in the 
embryo, have much the same appearance 
as those of the hairs, and, in like manner, consist of processes of the mucous 
layer of the epidermis, which pass down and are received into corresponding 
recesses of the oorium (fig. 491). They are formed throughout of cells collected 
into a solid mass of a club shape, continuous by its small end with the Malpighian 
layer of the epidermis, and elsewhere surrounded by homogeneous limiting membrane 
which is prolonged above between the corium and cuticle. The subsequent changes 
consist in the elongation of the rudimentary gland, the formation of a cavity along 
its axis — at first without an outlet — the prolongation of its canal through the 
epidermis to open on the surface, and, in the meantime, the coiling up of the 
gradually lengthening gland-tube into a compact ball, and the twisting of the excre- 
tory duct as it proceeds to the orifice. The plain muscular tissue of the sweat- 
glands is said to be developed from some of the epithelium-cells of the rudimentary 
gland (Ranvier). If this be so, it is the only known instance, in the higher animals, 
of muscular tissue being developed from the epiblast. 

The ceruminous glands in the auditory passage consist of a tube coiled into a 
ball, like the sweat-glands ; and there is such a further correspondence between 
the two, in structure and mode of development, that the ceruminous glands may be 
regarded as a variety of the sudoriferous. 

It would thus appear that the rudiments of the hair-follicles, sweat-glands, and 
sebaceous glands, are all derived from the same source. They all originally appear 
as solid bud-like excrescences of the Malpighian layer of the epidermis, (for the 
outer stratum of the root-sheath must be regarded as such) ; these grow into the 
corium, in which recesses are formed to receive them, and which, of course, yields 
the material reqmred both for the production of new cells for their further growth, 
and for the maintenance of their secreting function. 
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Arterial glands, 371 
Arteries, mode of distribution, 360 

structuro of, 361 

internal coat of, 362 

middle coat of, 363 

vessels and nerves of, 365 

structure of small, 370 
Articular cartilage, 246 

end-bulbs, 338 
Aster (a star) in nuclear division, 186 
Attraction-spheres of v. Beneden, 188 

of white corpuscles, 214 
Anerbach, plexus of, 348 
Axis-cylinaer, 309, 310 

YOL. I. 



Axis-cylinder, primitive fibrilla of, 310 

sheath of, 310 
Axis-cylinder process, 319 

of Deiteris 321 



Balbiani, on structure of nuclear filaments, 

181 
Balfour, on blood-development, 221 
Bardeleben, on rudimentary valves in veins, 

366 
Bartholin, disdiaclasts of, 296 
Basal knobs, of ciliated cells, 202 
Basement membrane of mucous membranes, 

407 
Beale, on cell origin of fibres, 242 

spiral processes of nerve-cell, 320 
Beneaen, v., on nuclear spindle fibres, 186, n. 
on attraction-spheres in nuclear division, 
188 
Bichat, organic svstems of, 172 
Bidder, on size of nerve-fibres in various nerves, 

Billroth, on osteoclasts, 281 
Birds, tactile end-organs of, 340 
Bizzozero, on interoellular channels, 196 

blood, platelets of, 215 

on red marrow blood-corpuscle formation, 
219, 220, 266 

on formation of corpuscles in spleen, 220 

retiform tissue, 240 

on vessels of bone, 267 

serous membranes, 391 

karyomitotic figures in gland-cells, 401 
Blood, characters of, 207 

corpuscles of, 207 

lak^, 211 

fat in, 216 

development of, 216 

literature of, 221 
Blood-islands, 218, 372 
Blood-platelets, 215 

origin of red corpuscles firon^ 220 
Blood-vessels, 360 

development of, 372 

literature of, 375 
Boeck, on double refraction of muscle, 295 
Boll, on acinous glands, 401 
Bone. 954 

blood-vessels of, 267 

canaliculi of, 258 

cartilaginous ossification of, 272 

cells of, 259 

chemical composition of, 254 

development of, 268 

Sowth and absorption of, 280 
aversian canals of, 256 
intramembranous ossification of, 268 

o o 
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Bone-— omhniiAf. 

lacnnie of, 258 

kmelle of, 257 

literature of, 283 

lymphatics of, 267 

marrow of, 265 

morpholo|i^ of membrane, 27 1 

minute structure of, 254 

nerves of, 268 

perforating fibi-es of, 261 

regeneration of, 282 
Bonne^ on sweat-glands, 428 
Boveri, on division of attraction-spheres, 189 

segmentation of nerve-fibres, 312 
Bowen, on the development of the epidermis, 

412 
Bowman, sarcous elements of, 288, 289 

work ot, on muscle, 296 

on blood-supply of Pacini»in corpuscles. 

345 
Brown, R., on cells, 191 
Brueoke, oecoid and zooid of, 178, 212 

on cell-membrane, 191 

red coipnscles, 210 

on double refraction of muscle, 295, 296 
Brunner, glands of, 399, 409 
Budge, on canaliculi in cartilage, 245 
BuimI {fi^ptrct, a skin), synovial membranes, 

393 ^ 

Busk, on branching of muscle-Hbres, 287 
Biitschli's artificial imitation of amoelwid move- 
ment, 179 



Callus, 28J 

Canaliculi, lymphatic, 226 

in bone, 258 
Cancellated bono, 254 
Cancelli (lattice-work spaces), 256 
Capillaries {eapillus, a hair), size of, 369 

structure of, 370 

stigmata of, 370 

contractility of, 370 

lymphatic, 378 
Camoy, 191, n. 

enchylema of, 173, 291, 297 

on contractile part of protoplasm, 178, 11. 

on nuclear filaments, 182, 188 
Carotid gland, 371 
(Cartilage (gristle), varieties,. 244 

hyaline, 244 

afticubur, 246 

costal, 247 

elastic, 248 

white fibro-, 249 

vessels and nerves of, 250 

development of, 250 

cells, oivision of, 252 

regeneration of, 253 
Cartilage-marrow, 250 
Ciirtilage-matrix, 245 
Cell, definition of, 172 

size of, 172 

structure of protoplasm of, 1 72 

membrane of, 1 74 

metabolism of, 175 

wandering, 176 

history of researches on, 191 

goblet, 200 

connective tissue, 231 

fat, 236 



( 'ell-globulin in red corpuscles, 210 

Cell-spaces, 226 ' 

Cellular sheath, 325. See Epineubiux. 
tissue, 224 

Ceruminous glands {cera, wax), 429 

(?lialice cells, 200 

Chievitz on secreting glands, 400 

<.*hironomus, structure of nuclear filaments in, 
181 

Cholesterin {xo^, bile, trrtap, fat), in red cor- 
puscles, 210 

Choudrin {x^v9p<»*t cartilage), 250 

< Chromatin of nucleus, 181 
(Jhromoplasm {xp&t*^ colour, vKda-fia, substance), 

179 
(Chromosomes {xpAfxa, colour, v&fUL, body), 185 

number of, 189 

non-cleavage of in spermatoblast formation, 
189 
(!hyle ix^^h i^<^)» characters of, 216 
Cilia (cilium, an eyelash), 201 

basal knobs of, 202 

rootletis of, 203 

intermediate segment of, 203 

size of, 204 
(Jiliary movement, nature of, 204 

persistence of, after death, 205 

effects of temperature and agents on, 205 

history of, 205 
Ciliated epithelium, 201 

distribution of, 201 

in commencement of kidney-tubules, 201, n. 

use ot 202 

stnicture of, 202 

regeneration of, 203 

connection with nerve-fibres, 204 

of central canal, 323 
Circulus articnli vaaculosus, 250 

< 'lavicle, ossification of, 282 
Coccygeal gland, 371 

CiBlenteratf's, connective tissue development in, 

242 
<\)hnheim on white coqmscles, 213 

regeneration of connective tissue, 243 

areas of, 289 
Columnar epithelium, 198 

striated border of, 200 
Compact bone, 254 
( 'onglobate glands. See Lymphatic. 
Connecting fibro-cartilages, 249 
Connective tissue, varieties of, 207 

ground-substance of, 226 

white fibres of, 226 

corpuscles of, 231 

development of, 240 

regeneration of, 243 

ceu-spaces, relation of to lymphatics, 379 
( 'onstricting band, the, of Ranvier, 312 
Contractile fibre- cells, 302 
(*c)rium (skin), of mucous membranes, 406 

of the skin, 413 

structure of, 414 
Corpuscles, red blood-, action of reagents on, 

i 210 

I description of, 208 

development of, 216 

historical work on, 221 
I membrane of, 210, 211 

moiphology of, 220 

nucleated, of the embryo, 217 

number of, 207 

of lower vertebrates, 212 
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Corpuscles — eontiTtued, 

origin, of intraoellular, 218 
from white corpuscles, 220 
in the spleen, 220 
from blood-platelets, 220 
rouleaux of, 209 
shape of, 208 
white, 

action of reagents on, 214 

cause of spherical shape of, 1 78 

characters of, 213 

development of, 216 

division of, 214 

nuclei of, 214 

number of, 207 
tactile, J35 
of Qrandry, 340 
of Herbat, 340 
of Key k Ketzius, 341 
of Vater or Pacinian, 341 
of Purkiige, dendritic ramifications round, 

321 

Cortex of lymph-glands, 383 

Cortical foilicfes, of lymph-gUnds, 384 

Costal cartilages, 247 

growth of, 253 

union of fractured, 253 
Cresswell Baber on matrix-fibres of hyaline 

cartilage, 245 
Cnistacea, absence of cilia in, 202, u. 
Crusta petrosa, perforating fibres in, 262 
Cruveilnier on Paciniaii corpuscles, 341 
Cuticle, the, 410. Sec Epidermis. 

of the root-sheath, 422 
Cutis vera (true skin), 413, See Corium. 
Cylinder-epithelium, 199 



Deiters, axis-cylinder process of, 321 
Bonys, on erythroblasts, 220 

vessels of marrow, 267 
Derma (skin), 413. See Corium. 
Deutoplasm, 174, n. 
Deutsch, on lamells of bone, 259 
Diapedesis (fiuarffiriaiSt an oozing through), 176 
Diaphyais (Smi^iSo/mu, to grow between), 280 
Biploe (SivA^f, double), 255 

veins of, 267 
Disdiaclasts (8fi, twice ; SioicXcCw, to break), 

296 
Disk of Hensen, 288, 292, 293, 297 
Dispirem (8it, twice ; (rvftpofia, a twisted cord), • 
191 j 

Division of nuclei, direct, indirect, 183 < 

Dixey on ossification of terminal phalanges, 280 i 
Dobie*s line, 288 
Dogiel on stomata, 390 

Doy^re on motor end-organs, 3C2 I 

Duhamel on growth of bone, 2& 
Dujardin, sarcode o^ 191 I 

Dyaster of nucleus, 187 ' 

Dybkowsky on stomata, 390 
Dytiscus, function of nucleus in ovum of, 183 



Bbbrth on longitudinal muscle-fibres in the 

umbilical vessels, 365, 367 
Ebner, v., on fibres in bone lamelle, 260 

osteogenic fibres, 269 

acinous glands, 401 



Ebner — continued, 

the inner root-sheath, 423 
Ectoplasm (^irr^s, outside ; irA^/is, substance), 

173 
Sgg-shell-membrane, development of fibres in, 

242 
Egg-tubes, 402 
Ehrlich, eosioophile-cells of, 213, 232, n. 

on methyl-blue for staining nerve-fibrils, 

310 
Eimer on nerve -termination in the skin of ^he 

pig's snout, 416 
Elastic cartilage, 248 

development of, 242, 252 
Elastic fibres, 227 

in areolar tissue, 229 

development of, 241 
Elastic tissue, 225, 230 

cells in, 234 

vesseU and nerves in, 335 
Elastin, 228 
Eleidin, ((\af, a nail ; cTSof, form), 195, 410, 

413. 420, 425 
Elementary particles, 215 
Elischer on nerve-endings in involuntary muscle, 

348, 349 
Enchvlema, 173, 291 
End-bulbs, 337 

articular, 338 

tendon^ 347 
End-organ, motorial, 349 

telolemma of, 349 

history of work on, 352 
End-plates, 349 
Endolymphangial nodule, 387 
Endomysium (fySoy, within ; fivs, muscle), 285 
Endoneurium (vtvpov, nerve), 326, 334 
Endoplasm, 173 
Endosteum (^or^y, bone), 265 
Endothelium {OriX'fi, papilla), 194 

of arteries, 362 

of serous membranes, 389 
Engelmaun on ciliated cells, 202, 206 

mu3cle, 297 

discontinuity of axis-cylinders at nodes of 
Ranvier, 312 

core of Pacinian bodies, 345 

motor end-organs, 352 
Eosinophile-cells, 213, 232, n. 
Epidermis, the [Upfut, skin), 410 

development of, 412 
Epimysium {M, on ; fivs, muscle), 285 
Epineurium (I'cOpor, nerve), 325 
Epiphysis (^W^aif, a growth upon), 280 
Epithelium {iri, upon : 6^X17, a nipple), defini- 
tion of, 194 

classification of, 195 

stratified, 195 

intercellular channels of stratified, i96 

transitional, 197 

pavement, 198 

columnar, 198 

glandular, 201 

ciliated, 201 

of raucous meinbranen, 406 
Kpitriclual layer of the epidermis, 411, 412 
Epitrichium {M, on ; rpixiov, a little hair), 412 
EfK)nychiuni {M, on ; tfyv(, a nail), 419 
Erythroblasts {4pv$p6st ^^ » &?iaar6s, a shoot), 

219, 220, 266 
Ewald on the neurokeratin network of the me- 
dullary sheath, 314 
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External coat of arteries, 364 
of reins, 367 
of lymphatics, 378 



FAAOiii (bands), 225 

Fasciculi of muscle, 285, 286 

Fat-cells, 236 

Fenestrated membrane of Henle, 227, 36^ 

Ferments, Nageli's comparison of micefie 

179 
Fibrin (fibra, a fibre), 207, 215 
Fibro-serous membrane, 389 
Fibrous tissne, 224, 230 

fiucicular, 225 

membranous, 225 

cells in, 233 

ressels and nerves in, 234 
Fixed cells, 233 , 

Flagellum (a whip) of Noctiluca, 204 | 

Fiecnng on development of the medullary 1 
sheath, 353 

medullation of axis-cylinder processes, 321 ' 
Flemming on spontaneous changes of form in 
nuclei, 180 

on chromatin, 182 \ 

mitoses of, 183 

researches on division of nuclei, 184, 186 | 

attraction-spheras of white corpuscles, 214 

on division m lymphoid tissue, 216, 388 

on secretins glands, 399 
Fldgel, granule-layer of, 297 
Flourens on growth of bone, 281 
Foettinger on motor end-oigans, 352 
Fontana on the nucleus, 191 
Foveole of Howship, 264, 281 
Fox, Wilson, on development of muscle-fibres, 

300 
Fraena (a bridle), 392 

Friend on chemistry of red corpuscles, 210, 221 
Freud on ganglia-cells in Petromyzon, 333 
Frog, size of red corpuscles in, 208 
Frommann on fibrillar structure of protoplasm, 
191 

structure of the axia>cyli9der, 310, 312 
Funiculus (a cord) of nerve, 324 



Oalvn on arteries, 360 

rete mirabile of, 361 
QangUa {ydyyXtov^ a swelling), situation of, 331 

structure of, 332 

cell processes in, 321, 322 

connection of with arteries, 366 
Oaskell on size of nerve-fibres, 309, 330 

ftmctional difference of nerve-fibres, 331 

atrophied ganglia, 331 

on elastic fibres attached to Ijrmphatics, 

378 
Qaule on karyomitotic figures in gland-cells, 

401 
Qedoelst on discontinuity of axis-cylinders at 
nodes of Ranvier, 312 
neuro-keratin network in nerve-fibres, 314 
Gregenbaur on osteogenic fibres, 269 

osteoblasts of, 270 
Gehnchten, v., on muscle, 298 

discharge of secretion from <];land/i, 403 
Genital corpuscles, 338 



Gerlach on canalicuH in cartilam, 246 

the reticulum in the medaSary sheath, 315 
Giant-cells, 282 
Glands, aj^minated, 388 
arterial, 

carotid, 371 
ooccygeal, 371 
oemminous, 429 
lymphatic, 382 
of mucous membranes, 409 
sebaceous, 427 
secreting, 396 

acinous or racemose, 400 

changes in cells of, 396 

ducts of, 402 

literature of, 403 

mechanism of discharge of secretion 

fro^^ 403 
modifications in form of, 398 
simple and compound, 399 
tubular compound, 401 
solitary, 387 
sweat, 427 
Glandular epithelium, 20X 
Glia-cells, 323 
Glycogen (7XiMr^, sweet ; ywifdm, to prodaoe), 

m cartilage-cells, 245, 251 
Goblet-ceUs, 200 

in ciliated epithelium, 203 
in mucous membranes, 4oiS 
Golgi on the structure of the medullary sheath, 

organ of, 347 

on nerve-celi processes, 321 
Gowers on numeration of blood-corpuscles, 207 

hsemofflobinometer of, 212 
Graafian follicles, 402 
Grandry, corpuscles of, 340 
Granular cells, 232 
Grew on the cell, 191 
Ground-substance, 172 

Griitzner on the two kinds of voluntary muscle- 
fibres, 298 
Guinea-pig, luemoglobin crystals in, 212 
Gulliver on blood-corpuscles in deer, 208, 209 

molecular base of chyle, 216 



Hjkmatoblasts (oTjua, blood ; fi\dffrot, a germ) 

215, 220 
H»min crystals, 212 
Hsemoglobin, 210 

crystals of, 212 

determination cf amount of, 212 
Uiemoglobinometer, 212 
Hair-cuticle, 420 

follicle, 421 

structure of, 422 

knob, 423 
Hairs, 420 

colour of, 420, 421 

development of, 424 

follicles of, 422 

medulla of, 421 

muscles of, 424 

nerves of, 423 

of different races, 420 

rate of growth of, 422 

root of, 421 

sudden change of colour of, 422 
Hales on growth of bone, 280 
Haller on valves of veins, 367 
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Hallilmrtoiiy on cell chemistry, 174, n. 

red corpoBcle chemistry, 210^ 
221 
Ham on movement of spermatozoa, 205 
Hamster, haemoglobin crystals in, 212 
Hairey, discovery of the circulation by, 368 
Havers, Glopton, canals o( 256 

on synovial membranes, 392 
HaveniAn canals, lining membranes of, 254 

slnictare of, 256 

connection of lacune with, 258 

marrow in, 265 

development of, 279 
Haversian ninges, 392, 394 
Haversian spaces, 264 
Haycralt^ on muscle structure, 305, u. 

nerve-endings in the tortoise, 335 
Hayem, on numeration of blood-corpuscles, 207 

luematoblasts of, 215, 220 
Heart, lymphatic, 381 
Heat^ffor, 176 

Heide, de, on ciliary movement, 205 
Heidenhain, on changes in secreting gland-cells, 
„396 

Heitxmann, on reticular structure of proto- 
plasm,. 191 

on muscle, 297 
Henle, on ciliary movement, 204 

fenestrated membrane of, 227, 363 

oil elastic fibres in areolar tissue, 229 

sheath of, 301, 326, 334 

on Pacinian corpuscles, 341 

size of capillaries, 369 

serous membranes, 390 

layer of, 423 
Hensen, disk of, 288, 292, 293, 297 
Herbst, corpuscles of, 340 
Hertwig, mesenchyme cells of, 241 
Hesse, on neuro-keratin network in nerve-fibres, 

hair-muscles, 424 
Hilum of Ivmph-glands, 383 
His, endotbelium of, 194 

on blood-development, 221 
parablast cells of, 241 
on ganglion-cells, 333 
spongioblasts of, 352 
on nerve-degeneration, 356 
origin of nerve-fibres, 328 
adventitia capillaris of, 370 
Hofer, on amceba separated from its nucleus, 

Hooke, on the cell, 191 

Honley, on terminations of nervi nervorum, 

«337 

Howship, foveols of, 264, 281 

Hoyer, on vessels of marrow, 267 

the direct connection of arteries and 
veins, 371 
Humphry on growth of bone, 280 
Hunter, John, on growth of bone, 280 

cslibre of arteries, 360 
Hunter, W., circulus articull vasculosus of, 

Huter, on synovial membranes, 393 
Huxley, on branching of muscle fibres, 287 

layer of, 423 
nyalme cartilage, 244 

Hyaloplasm (SoAof, glass; *Aa^fui, substance), 
173, 292 

in peeudopodta, 177 



Idb, on reticulated cell-membrane of stratified 
epithelium, 1^7 

Interarticular didcs, 249 

Intercellular substance, 172 

Internal coat of arteries, 362 
epithelial layer of, 362 
sub-epithelial layer of, 362, 365 
elastic layer of, 363 



of veins. 366 
oflymphati 



f lymphatics, 378 
Intemodes of Ranvier, 311 

size of^ 312 
Irruption stage of ossification, 275 



Jaw-bonb, lower, ossification of, 282 



Kabtokinesis (Krfpuor, a kernel ; Kfn|o>if, move- 
ment), definition of, 183 
account of, 185 
time of, 189 
table of phases of, 190 
Kaiyoplasm, 179 
Kassowitz on ossification, 282 
EataboUsm (itarafiakti, a throwing down), 175 
Keratin (Wpor, horn), 413 
Keratohyaline, 195, 4x0 
Kerschner ou sarcoplasts, 302 

muscle-spindles as nerve-endings, 348 
Key, corpuscles of, Retzius and, 341 
epinenrium of Retzius and, 325 
endoneurium of Retzius and, 326 
Klein on amoeboid movement producing cell- 
division, 190 
blood-islands of Pander, 221 
ciliated epithelium in kidney-tubules, 

221 n. 
lymphatic canaliculi, 226 
lyniphatica, development of, 382 
lymphangial nodules, 387 
lymphatics in the skin, 416 
nuclei, changes of form in, 180 
pseudostomata of, 390 
reticular structure of protoplasm, 

191 
serous membranes, 389 
stomata, 390 

varieties of voluntary musde-fibres, 
298 
Koenpe on valves in the portal vein, 368 
KtfluKer on attraction-spnere in axolott, 189 
branching of muscle-fibres, 287 
development of cartilage, 251 
epidermis, 412 
muscle-fibres, 300 
neurolemma, 353 
sweat-glsnds, 429 
growth of bone, 281 
hyaline layer of, 422 
on marrow-cells, 266 
motor end-oivpms, 352 
muscle-columns of, 288, 296 
on myeloplazes, 267 
nail, the, 419 
neuroglia, 323 

origin of red corpuscles, 218, 220, 
221 
* Pacinian corpuscles, 341 
plain muscle, 302 
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Kolliker on reticular structure of protoplasm, 
191 
shoddinff of infantile haits, 426 
striated layer of, 362 
Kollmann on reticular structure of protoplasm, 

191 
Korschelt on nuclear functions in ovum of 

Dytiscus, 183 
Krause, membrane of, 292 
end-bulbs of, 337 
genital corpuscles of, 338 
on sensory end-organs, 342 n. 
motor end-organs, 352 
nerves in synovial membranes, 395 
number and size of sweat-glands, 429 
differences of voluntary muscles in the 
rabbit, 298 
work of, on muscle, 296 
KUhne on chemistry of cartilage matrix, 245 
muscle-upindle of, 301 
on neuro-keratin network of the medullary 

sheath, 314 
telolemma of, 349 

on motor end-organs, 349, 352, 352 n. 
Rupffer, deuto- and para-plasm of, 174 n. 
on reticular structure of protoplasm, 191 
nerves in glands of insects, 402 



Lacxrti {laeerta, a lizard). See Fasciculi. 
Lacuuse, 258 
Lamelle of bone, 257 
perforations of, 259 
nbres of, 260 
Lamellar cells, 231 
Langer on chemistry of bene, 254 

vessels of marrow, 267 
Langerhans on stratum grannlosum, 195, 410 

tactile corpuscles, 336, 417 
Langley on changes in secreting gland-cells, 

396 
Ijantermann on structure of the medullary 

sheath, 313, 314 
lAUUgo (down), the, 426 
Lebouoq, on vaso-formative cells, 221 
Lecithin, in red corpuscles, 210 
Leeuwenhoek, on the cell, 191 

on movement of spermatozoa, 205 
Leidy, on fibrous structure of articular cartilage, 

246 
Leucocytes (Xfvic^f, white; k^os, a bladder), 213 

formation of connective tissue from, 243 
Leydiff, on cell-membrane, 191 
Liebenuhn, slands of, 409 
Ligamenta subflava, 225 
Ligamentnm nuchie, 225 
Linin (Alvor, thread), definition of, 182 
Liquor sanguinis, 207 
Lister, on effect of chloroform on cilia, 205 

structure of small bloofl-vessels, 371 
Literature, on the cell, 192 

epithelium, ao6 
blood, 221 

connective tissue, 243 
cartilage, 253 
bone, 283 
muscle, 305 
nerve, 356 
blood-vessels, 375 
lymphatic system, 395 
secreting glands, 403 
the skin, 430 



I Liver, origin of blood-corpuscles in, 218 
! tubular character of, 402 

I Lizard, motor end-organs in, 350 
I Loven on ossification, 276, 281 
Lowit, on blood-platelets, 215 

nerve-endings in involuntary muscle^ 

! 348 

Ludwig, on lymphatics in fibrous tissue, 235 

in muscular tissue, 300 
lacunar origin of lymphatics, 377 
stomata, 390 
Lunula, the, 417 
Luschka, coccygeal gland of, 371 
Lymph, 216 

corpuscles of, 216 
Lymphatic canaliculi, 226 
Lymphatic ganglions. See Glands. 
Lymphatic glands, 382 

lymph- vessels of, 383, 386 

structure of, 383 

blood-vessels of, 385 
Lymphatic hearts, 381, 382, n. 

nerve-fibres in, 382 
Lymphatic system, 376 

literature of, 395 
Lymphatic vesicles, cilia in, 382 
Lymphatics, distribution of, 376 

perivascular, 376 

origin of, plexiform, lacunar, 376 

structure of, 378 

valves of, 378 

relation of to connective tissue cell-spaces, 

379 
terminations of, 381 
development of, 382 
Lymph-canaliculi, 226, 380 
Lymph-sinus, 384 
Lymphoid cells, 240 
cords, 384 
tissue, 216, 240 

in mucous membranes, 408 
development of, 242 
organs of, 387 
in serous membranes, 391 



I Maddeb, experiments with, on growth of boiie, 
' 280 

Mall on elastin, 228 
I retiform tissue, 239 

Malpi^hi on the cell, 191 

discovery of capillaries by, 369 
j Malpighian corpuscles of the spleen, 388 

layerof theepidermi8,4io,4i2, 413, 416, 417 
of the nail, 419 

development of hairs from, 424 
sweat-glands from, 429 
Marginal fibro-ci^tilages, 249 
Marrow, 265 

formation of blood-corpuscles in red, 219 
cells, 266 

influence of in regeneration of bone, 285 
Marshall, G. F., on muscle, 298 
Marshall, J., on the fraena, 392 
Mauthner on the axis-cylinder sheath, 310 
Mayeda on size of muscle-fibres, 286 
Mayer on sarcoplasts, 302 
McCarthy on rod-like structures in the medollaiy 

sheath, 314 
McEwen on transplantation of bone, 283 
Meckel, cartilage of, 282 
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Medulla osdum, 265. See Marrow. 

of lymph glands, 583 
Medullary artery, 267 

canal, formation of, 279 
Medullary sheath, the, 309, 311 

seffments of, 313 

loa-like structures in, 313 

development of, 352 
Medullary spaces, 275 
Meibomian glands, 427 
Meissner, tactile corpuscles of, 335 

plexus of, 408 
Melanin, 238 
Melland on muscle, 298 
Membrana propria, 401 
Membrane of Krause, 292, 293, 294, 295 
Meminna deer, red corpuscles in, 208 
Merkel, tactile cells of, 335, 336, 337, 340, 417 

monograph of, on nerve-endings, 342 n. 

views on muscle of, 297 
Merochowetz on chemistry of cartilage-niatiix, 

245 
Mesenchyme cells, 241 
Metabolism, 175 
Metakinesis, 186 
Metaplastic ossification, 278 
Metschnikoff on phagocytes, 215 
Miciocytes, 208 
Micro-millimeter, 208 n. 
Middle coat of arteries, 363 
of veins, 366 
of lymphatics, 378 
Miescher on nuclein, 182 
Migratory cells, 176, 195, 214, 233, 408, 425 
Minot on the development of the epidermis. 412 
Mirbel on plant-cells, 191 
Mitoses (ftiVof, a thread), 183 
Mitotic, 183 n. 
Mohl, v., on protoplasm, 191 
Molecular base of cnyle, 216 
Morgan, de, on Haversian 8]>ace8, 264 
MuciKcn, 397 

Mucilaginous glands of Havers, 392 
Mucin in columnar ccUk, 200 
Muco-globulin, 174 

Mucous membranes, gastro-pneunionic, 405 
genito-urinary, 405 
structure of, 406 
vessels and nerves of, 408 
papillae and villi of, 408 
alveolar structure of, 408 
glands of, 409 
Miiller, H., on perforating fibres of bone, 261 
medullary spaces of, 275 
on ossification, 276 
MtUler, J., on Ivmphatic lacunsB in the frog, 378 
lymphatic hearts, 381, 382 n. 
muscle of, 303 
Muscle, 

cardiac, 304 

in lower vertebi-ata, 304 
vessels and nerves of, 305 
nerve-endings in, 348 
plain, 302 

distribution of, 303 
development of, 303 
nerve-ending in, 348 
developed from epiblast in sweat 
glands, 429 
voluntary, 

appearance of, under polarised light, 295 
blood-vessels of, 299 



Muscles — eoutiHued. 

comparison of, with amoeboid protoplu^iui, 

293 
cell-movement, 178 n. 
vertebrate and insect-wing-muscle, 293 

contraction of, changes in, 294 

development of, 300 

effect of sarcoplasmic accumulations on 
cross-striation, 293 

ending of, in tendon, 299 

fibres, size of, 286 

growth of, 301 

hisitorieal work on, 296 

literature of, 305 

lymphatics of, 300 

neiTe-eudings in, 349 

nerves of, 300 

regeneration of, 302 

striation of, 287 

structure of, 285 

vsriations of structure correlated with func- 
tion of, 298 

wing, of insects, 291 
Muscle-columns, 288, 296 
Muscle-nuclei, 298 
Muscle-suindle, 301, 348 
Muscle-plates, 300 

Muscularis mucosse, 407 / 

Myelin (jufsXos, marrow), 311 

chemistry of, 315 
Myeloplazes, 267 



Nachbt on numeration of blood-corpuscles, 207 
Nageli, micellae of, 179 
NaUs, 417 

lunulae of, 417 

matrix of, 418 

formation and growth of, 419 

rate of growth of, 420 
Xapu deer, red corpuscles in, 208 
Nasse on degeneration of nerve, 356 
Xebenkem, 182 
Xerve-cells, 3x6 

nucleus of, 317 

pigment in, 318 

axis-cylinder processes of, 319 
Nerve-endings, 334 

tactile cells, 335 

tactile corpuscles, 335 

end-bulbs, 337 

Qrundry corpuscles, 340 

Key-Retzius corpuscles, 341 

Herbst corpuscles, 340 

Pacinian cor^mscles, 341 

plexus, 346 

m tendons, 347 

in muscle, 348 
Ner%''e-fibres, mcdullated, 308 

size of, 308 

division of, 312, 333 

segmentation of, 312 

non-mednllated, 315 

retrograde, 327 

origin of, 328 

difference of size in various nerves, 330 
Nerves, sensory, terminations of, 334 

development of, 352 

growth of, 353 

degeneration and regeneration of, 353 

literature of» 356 
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Keires — continued. 

eonstruction of, 324 

▼eaaeU of, 326 

coarse of nenre-fibres in, 326 

rootg of, 327 

nucleus of origin of, 32S 
Nervi uerForuTn, terminations of, 337 
KervouB network, 347 

plexus, 347 

system, general view of, 307 
Kesbitt on formation of bone, 283 
Neumann on nucleated red corpusdes in the 
new-bom child, 218 

red marrow-cells, 219 

glycogen in cartilage-cells, 245 

bone-cells, 259 
Neuroblssts (Kcvpoy, nerve ; iSAiorot, a germ), 

328. 352 
Neuroglia {yxia, glue), 322 

development of, 352 
Neurokeratin {icipas, horn) network in nerve- 
fibres, 314 
Neurolemma (A//i/ia, a skin), 309, 315 

development of, 352 
Newt, pseudopodia in white corpuscles of, 177 
Nieolaaoni on nerves in synovial membranes. 

* 395 

Noctiluca, ilagellum in, 204 
Nodes of Ranvier, 311 

in the brain and spinal cord, 315 
Norris on rouleaus, 209 

invisible corpuscles of, 220, n. 
Nuclear fluid, 179 

matrix, 179 
Nuclein, 182 
Nucleoli, 180 

in amphibian red corpuscle, 213 
Nucleoplasm, 179 
Nucleus (a kernel), definition of, 172 

structure of, 179 

chromonlasm of, 179 

pole and antipole of, 180, 185 

membrane of, 182 

chemical nature of, 182^ 

accessory, 182 

functions of, 183 

division of, 183 

achromatic spindle of, 185 

of red corpuscles, 212 

of white corpuscles, 214 
Nuel on fibrils traversing intercellular spaces, 
197 



(EcoiD, 178, 212, 293 

Olfactory nerve, 316 

Oilier, on regeneration of bone, 283 

Organ of Golgi, 347 

Osier, on blood-platelets, 215 

red marrow-cells, 266 
Osseous tissue, 254 
Ossification, intramembranous, 268 

cartilaginous, 272 

irruption stage of, 275 

metaplastic, 278 
Osteoblasts {icrioy, a bone ; fikdoros, a germ), 

265, 270, 274 
Osteogen {ytvpdet, to form), 269 
Osteogenic fibres, 269, 277 
Osteoporosis (v^^s, a passage), 279 



Ostodasts {Kkdm, to braak), 276, 281 
Oxygen, need of protoplasm for, 176 



Pacinian corpuscles, 336, 337, 440 
in the periosteum, 265 
discovery of, 341 
structure of, 342 
vessels of, 345 
core of, 345 
function o^ 345 

in areolar dieath of tendons, 347 
in svnovial membranes, 395 
in the skin, 417 
Palaemon, mednllated nerve-fibres in, 315 
Pander, blood-islands of, 221, 372 
Panizzaon lymphatic hearts, 381, 382, 382, u. 
Panniculus (a garment) adiposus, 235, 413 
Papillae of mucous membranes, 408 

of the skin, 415 
Parablast cells, 241 
Paraplasm, 174, n. 

Parenchymatous (irap^v/M, interstitial sub- 
stance) cartilages, 251, n. 
Parietal bone, ossification in, 268 
Pavement epithelium, 198 
Perforating fibres of bone, 261 
Perichondrium {x6p9pos, cartilage), 244 
Perilymphangial nodule, 387 
Perimysium (Vcp(, about ; /ivt, a muscle), 285 
Perineurium (ycvpoy, nerve), 325 

origin of sheath of Henle from, 324 
Periosteum (6rr4oPf a bone), 265 

importance of in the regeneration of bone, 
282 
PemiciouH anemia, microcytes in, 208 
Pertik on neuro-keratin network in nerve- 
fibres, 314 
Petromyson, ganglion-cells in, 333 
Pfeiffer, tagmata of, 179 
Pfeuffer on elastin, 228 

Pfitzner, on particulate structure of nuclear 
i filaments, 182, 186 

I regeneration of plain muscle, 303 

Pfliiger, egg tuMs of, 402 
I on nerves in glands, 402 

Phagocytes (^crycir, to eat ; niros, a bladder), 215 
removal of myelin by, 354 
, Phalanges, ossification in, 276, 280 
I Pia mater, 323 
, Pigment, in norve-oolls, 318 

lymph-glands, 385 
tiie skin, 41 1 
the hair, 420, 42 if 4^5 
Pigment-cells, 238 
Plasma {wKdaaw, to form), 207 
Plasma-cells, 232 
Plastin, 174 

Plexuses, nerve, 327, 346 
I Plexus myentericus (ftSt, muscle ; 9rr4pw, in- 
! testine), 348 

I of Auerbach, 348 

I of Meissner, 408 

I Pokrcone, 188 
I Pole-corpuscle, 185, 188 
Primary areolte, 274 



Primitive sheath, 309 
Pronucleus, half the 



usual number of chromo- 



somes in, 190 
Proteus anguineus, white corpuscle of, 177 
size of red corpuscle in, 208 
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IX 



ProtoplMm («p6roff, first ; wKiwof, to form), 
definition of, 172 

stmctore of, 172, 177 

network of, 173 

chemical nature of, 174 

Tital phenomena of, 174 

amcBDoid movemente of, 175 

peeudopodia of, 175, 177 

inception of foreign pai-ticles b^, 176 

oonaitions influencing contraction of, 176 

effect of stimuli on, 177 

structure summed up, 178 

imitation of movements of, 179 
Pseudopodia (^vS^t, false ; voU, a foot), 175 

structure of, 177 
Pseudostomata (ffrifiOf a mouth), 390 
Purkinje on protoplasm, 191 

cilia, 206 

network of, 305 

aziB*cylinder of, 309 

corpuscles of, 321 



QuiKCKE, artificial imitation of amceboid 
movement, 178 



Rabl on poles of nucleus, 180 

on karyokinesis, 185, 186, n., 189, n. 
Racemose (raeemus, a grape-cluster) glands, 400 
Rttiney, synovial villi of, 394 
Ramdn y Cajal on intercellular bridges, 197 

neuroblasts, 352, n. 

muscle, 298 
Ramus (a branch) communicans, 331 
Ranvier on amoeboid movement producing cell- 
division, 190 

constricting band of, 312 

elastic fibres, development of, 241 

eleidin of, 195, 410 

on glia-oells, 323 

intercellular channels, 197 

medullary sheath, structure of, 313 

motor end-oi^ns, 349 

nerves, degeneration of, 354 
non-medullated, 315 
regeneration of, 350 
in the skin, 416 

nerve-fibres, segmentation of, 312 

nucleoli in red corpuscles, 213 

T-shaped divisions of, 333 

nodes of, 311 

ossification, 276, 279 

sweat-glands, 428, 429 

tactile discs of, 335, 417 

tendon, ending of muscle in, 299 

tissues, double refraction of, 296 

vaso-formative cells, 221 

vasa vasorum, 365 

voluntary muscles, differences of in the 
rabbit, 298 
Recklinghausen on transition forms between red 
and white corpuscles, 220 

Saft-kanalchen of, 226 

silver staining of ground-substance, 172 

on lymph-spaces in the frog, 378 

stomata, 390 
Rcmak, scheme of cell-division of, 183 

on development of blood- vessels, 221 
muscle- fibres, 301 
fibres of, 30S, 315 



Remak — cotUimud. 

on muscular tissue in the external coat of 
veins, 367 

ciliated lymphatic vesicles, 382 
Rete (a net) mirabile, 361 
Rete mucosum, 410 
Reticulum, 173 
Retiform tissue, 239 

development of, 242 
Retzius, O., on T-shaped divisions of nerve-fibree, 

3?3 

genital corpuscles, 339 

corpuscles of Key and, 341 

on medullated nerves in crustaceans, 315 

epineurium of Kev and, 325 

endoneurium of Key and, 326 

on muscle, 297 
Rezzonico on structure of the medullary sheath, 

313 
Rhizopods, flowing of hyaloplasm in, 177 
Richardson on size of red corpuscles, 208 
Riehl on pigmentation of hair, 426 
Rindfleisch on vessels of marrow, 267 
Rin^ on salts essential to life of protoplasm, 1 74 
Robm, myeloplazes of, 267, 281 
RoUett on red corpuscles, 210 

sarcoplasm of, 288 

on muscle, 298 
Roots, nerve, 327 
Root-sheaths of hair-follicles, 422 

development of, 424 
Roaenhof on amceboii movement, 175 
Rotation in plant-cells, 175 
Rouget on glycogen in cartilage-cells, 251 
bone-cells, 259 
motor end-organs, 349, 352 
Rugse (wrinkles), 405 

Rusconi on Ivmphatic lacunae in the frog, 378 
Ruysch, epithelium of, 194 



Sachs on tendon end-bulbs, 347 

Saft-kanalchen, 226, 380 

Salamander, changes of form in nuclei of 

larvae, 180 
Sanderson, Bunion-, lymphatic canaliculi of, 226 

pseudostomata o^ 390 
Saroode (o'cfpl, flesh), of amoeba, 175, 191 
Sarcolemma (A/fMto, a husk or skin), 287 
Sarcomeres {fidpos, a part), 292 
Sarooplasm {wXArfta, substance), 288 
Sarcoplasts {w\affr6s, formed), 301 
Sarcostyles (0*0^, a muscle ; ffrvKos, a column). 
288 
of heart-muscle, 304 
Sarcous elements, 288 
substance, 292 
Schleicher, karyokinesis of, 183 

division of cartilage- cells, 252 
Schleiden on cells, 191 

Schmidt on transitional forms of blood-cor- 
puscles, 214 

segments of the medullary sheath, 313 
Schobl on nerves of hairs, 424 
Schultze, M., on cell-membrane, 191 

stratified epithelium, 191 

cell-origin of fibres, 242 

development of cartilage, 251 

primitive fibrillss of, 310 

ganglion-capsules, 232 
Schwalbe, on elastin, 228 

cells in elastic tissue, 234 
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Schwalbo, on regeneration of cartilage, 253 

periosteum, 265 

osteoporosis of, 279 

on size of muscle-Hbres, 286 * 
Schwann on cells, 191 

red corpuscles, 210 

development of muscle- fibres, 300 

sheath of, 309, 315 

white substance o^ 31 1 
Schwartz on reticular structure of protoplasm, 

191 
Schwei^er-Seidel on lymphatics in fibrous 
tissue, 235 

in muscular tissue, 300 

on stomata, 390 
Sebaceous glands {ttebum, suet), 426 

development of, 425, 427 
Semmer on transitional forms of hIoo<l-cor- 

puscles, 214 
Serous membranes, 3S8 

structure of, 389 

blood-vessels of, 391 

lymphatics of, 391 

nerves of, 391 

lymphoid and adipose tissue in, 391 
Serum, 207 

Sesamoid iibro-cartilages, 249 
Sharpey, on conveyance of powder by cilia, 
202 

action of cilia, 205 

fibres of bone, 260 

work on bone of, 265 

primary areoUe of, 274 

secondary areolae of, 275 

on ossification, 276, 283 
Sheath of Heule, 301, 326, 334 

of Schwann, 315 
Skin, the, 410 

corium of, 413 

cuticle of, 410 

development of cuticle of, 412 

literature of, 430 

Malptghian layer of, 410, 412, 413 

nerves of, 416 

papillse of, 415 

pigment of, 41 1 

rete mucosum of, 410 

spiny cells uf, 410 

stratum ffranulosum of, 410 
lucidum of, 41 1 

thickness of, 414 

vessels of, 415 
Smegma embrvonum {afirryfia, soap), 412 
Solitary glands, 388 

Spermatoolasts {trw4pfM, seed ; fi\affr6s, a 
serm), non-cleaviige of chromosomes in 
formation of, 189 
Spina on discharge of secretion from glands, 

403 
Spiny cells of the skin, 410 
Spirem {rr^lpafjiA, a twisted cord), 190 
Spleen, the, origin of blood-corpuscles in, 218, 
220 
Malpighian corpuscles of, 388 
Spongioblasts (trwoyyia, sponge ; /9\affT0f, 

germ), 352 
Spongioplasm [irKdafut, substance), 173, 177, 

292 
Spongy bone, 254 

Squirrel, hemoglobin crystals in, 212 
Stannius on lymph-sacs in birds, 382 
Steam, fixing of white corpuscles by, 177 



Steinbnch on effect of mechanical stimuliu on 

cilia, 205 
Stewart on negro hairs, 422 
Stigmata {ariyfta, a spot), 370 
Stilling on regeneration of plain muscle, 303 
Stirling on nucleoli in amphibian red cor- 
puscles, 215 
Stohr on migrating cells in mucous membniiea, 

408 
Stomata (rr^/ia, a mouth), 378, 390 
Strasbuiiger on reticular structure of protoplasm, 
191 

Zell-platte of, 312 
Stratified epithelium, 195 
Stratum granulosum, 195, 410 

lucidum, 41 1 
Streaming movements, 175 
Stria of Amici, 288 
Striated border of columnar cells, 200 
Strieker on white corpuscles of Proteus angui- 
neus, 177 

Hpontaneous changes of form in nuclei, 180 

nucleus of red corpuscles, 212 

formation of blood-vessels, 221 

contractility of capillaries, 370 

discharge of secretion from glands, 40) 
Stroma {vrpufia, a bed), 210 
Structural elements, 172 
Submucous tissue, 405 
Subserous tissue, 389 
Sucquet on direct passage of arteries into veins, 

371 
Sweat-glands, 427 

distribution of, 429 

size of, 429 

development of 429 
Synovial fluid, 392 
Synovial membitmes, 392 

articular, 392 

vaginal, 392 

bursal, 393 

structure of, 393 

marginal zone of, 394 

Haversian fringes of, 392, 394 

vessels and nerves of, 394, 395 

development of, 395 
Synovial villi, 394 
Systems of Bichat, 172 



Tactilk cells, 335, 417 
disks, 335, 340 
corpuscles, 335 
! end-organs of birds, 340 

Tannic acid, effect of on red corpuscles, 210 
' Tarchanoff on the contractility of capillaries, 

370 
> Tartuferi on sweat-glands, 428 

Teichmann on hsemin crystals, 212 
, Telolemma, 349 
I Temperature, effect of on protoplasm, 1 76 

Tendon, ossification of, 264 
I nerve-endings in, 347 

Tendon-cells, 233 
I Thin on tactile corpuscles, 336 
, Thoma on effect of water on protoplasm, 177 
intercellular channels, 196 
numeration of blood-corpuscles, 207 
Thomsa on lacunar origin of lymphatics, 377 
Thomson on atrophied ganglia, 331 
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Thymus, the, origin of blood-corpUHcles in, 218 

transformation of into fat, 238 

structure of, 388 
Tillmanns on the matrix of hyaline cartilage, 

synovial membranes, 394, 395 
Tissues, elementary, 171 

deiinition, 171 

connective, 207 

areolar, 224 

fibrous, 224 

elastic, 225 

adipose, 235 

retiform, 239 

lymphoid, 240 

adenoid, 240 

cartilaginous, 244 

osseous, 254 

muscular, 285 

nervous, 307 
Toldt on lunuls of nails, 417 
Tomes on Haversian spaces, 264 
Torre on vessels in red marrow, 220, 266 
Touch-bodies, 33c 

Toynbee on vessels of synovial membranes, 395 
Trabecular {trabSf a beam) of lymph-glands, 384 
Transitional epithelium, 197 
Triton, change of form in nuclei of, 180 
Tunica advontitia (additional), 364 

intima, 362 

media, 363 
Turpin on plant-cells, 191 



Vacuoles of protonlasm, 173, 174 

Vaginal {vayina, sheath) synovial membranes, 

392 
Valentin on cilia, 206 

ValUsneria, circulation of protoplasm in, 178 
Valves of veins, 367 

distribution of, 368 
Valvulse conniventes (lying close together), 405 
Vanlair on regeneration of nerve, 355, 356 
Vasa atferentia and efferentia of lymph-glands, 

Vasa vasorum, 365 
Vaso- formative cells, 221 
Vater, corpuscles of, 341 
Veins, moae of distnbution, 366 

structure of, 366 . 

internal coat of, 366 

middle coat of, 366 

external coat of, 367 

absence of muscular tissue in certain, 367 

vessels and nerves of, 367 

valves of, 367 

structure of small, 370 
Vena comites, 366 
Veratria, effect of on cell movement, 177 



Vemix caseoso, 412 

Vierordt on number of red corpuscles, 207 

Vignal on development of the medullary sheatli, 

353 

growth of nerves, 353 
Villi {vUliu, shaggy hair), 408 
Virchow on effect of dilute alkali on cilia, 205 

cells of bone, 259 

Riesenzellen of, 282 

neuroglia of, 323 
Vitreous humour, jelly-like connective tissue of, 

243 
Volkmann, canals of, 258 

on retrograde nerve-libres, 327 

size of nerve-fibres in various nerves, 330 



Waokner, G. , on mnscle, 296 
Waffner, R., tactile corpuscles of, 335 
Waldeyer, chromosomes of, 186 

keratohyalin of, 195, 410 

on plasma-cells, 232 

nerve-endings, 347 

nerve-libres in lymph-hearts, 382 
Waldstein on neurokeratin-network in nerve- 
fibres, 314 
Waller, A., on nerve degeneration, 356 
Wandering cells. See Migratory. 
Warren on the thickness of the skin, 414 
Watney on attachment of plain muscle-fibres, 

303 
Weber on nenro-keratin network in nerve-fibres, 

314 
size of capillaries, 369 
Weissmann on growth of muscle-fibres, 301 
Welcker on number of red corpuscles in the 
female, 207 
epitrichiamof, 412 
Wharton's jelly, 242 
j Wharton-Jones on amcsboid movement of white 
corpuscles, 175 
White, Hale, on atrophy in sympathetic ganglia, 

331 
White fibro-cartilage, 249 
i development of, 25 

White fibres, 226 

in areolar tissue, 229 
in fibrous tissue, 230 
Wolff, J., on growth of bone, 280, n. 

Zandku ou the epidenuis, 411, 412 

Ziegler on regeneration of connective tissue, 

243 
Zimmermann, elementary particles of, 215 

on origin of red discs, 220, n. 
Zooid, 178, 212, 293 

Zymogen {C^Mt a ferment ; ytvytut, I pro- 
duce), 397 
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